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SEFIlis the largest network of higher engineering education institutions (HEls) and edu-
cators in Europe. Created in 1973, SEFl is an international non-profit organisation aiming
to support, promote and improve European higher engineering education, enhancing the
status of both engineering education and engineering in society.

SEFI is an international forum composed of higher engineering education institutions,
academic staff and teachers, students, related associations and companies present in 48
countries. Through its membership and network, SEFI reaches approximately 160000 aca-
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tional inclusiveness, multidisciplinary and openness, transparency, sustainability, creati-
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ENGAGINGENGINEERING EDUCATION

Engineering students engage with society designing new solutions to help solve complex
problems. Interdisciplinary opportunities arise when they engage with other disciplines.
Engagement of businesses and organisations helps to prepare our students for their fu-
ture career. The 48th SEFI Annual Conference focuses on engaging current and future stu-
dents in their education and in an engineering career by bringing together teachers, rese-
archers, engineering professionals, students, managers, policymakers and deans in higher
education. Via research papers, concept papers, short papers and workshops, participants
have contributed on the following topics, between brackets the number of submissions
that link to each topic™:

= Interdisciplinary engineering education, linking different disciplines both inside and
outside engineering, linking with society (50).

= Engineering curriculum design, challenge based education, maker projects, use of pro-
fessional tools (33).

= Sustainability and ethics, embedded and dedicated approaches (25).

= Mathematicsin the engineering curriculum (10).

= Physicsin the engineering curriculum (10).

= Highereducation and business: collaborations and career support (12).

= Diversity and inclusiveness (22).

= Internationalisation, exchange options, joint programs (5).

= Futureengineering skills and talent management (48).

= E-learning, open andonline learning, blended learning, virtual reality (34).

= Engineeringin Schools, improving visibility of engineering disciplines (12).

= Niche &novel engineering education topics (25).

Session formats were somewhat adjusted after it was decided to have an online conferen-
ce. This way all sessions are optimized for both good introductions but also for questions
and debate. A highly valued tradition is to kick off the conference on Sunday with a doc-
toral symposium in which engineering education phD candidates discuss their work with
peers and senior engineering education researchers from around the world.

"Each contributed was asked to link to two topics allowing overlapping submissions to be visible in both.
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WELCOME

JAN VAN DER VEEN

ELAN, Department of Teacher Development
University of Twente

SEFI12020 Chair

Welcome at the 48" SEFI Annual Conference! Engaging Engineering Education is what we
are working on, even more so now that large parts of our education have moved online.
We face many challenges, such as: improving inclusiveness of our programs, increasing
sustainabilityinmanyareas, preparingourstudentswithprofessionalskills,developingnew
interdisciplinary engineering domains and contributing to the economy in a meaningful
way. Let us now celebrate the progress reported and let us make plans for new engineering
education activities. The keynotes and 150 contributions by academics and students will
be inspiration for us all.

Together with SEFI, the University of Twente is hosting this conference working together
with Saxion University of Applied Sciences and the Technical Universities of Delft, Eindho-
ven and Wageningen, our partners in the 4TU Centre for Engineering Education.

We thank all our international colleagues who invested considerable time and effort in
preparing papers, sessions, workshops, symposia and those who contributed to this confe-
rencevia the International Organizing Committee and via reviewing proposals.

We are proud and happy to host this first online SEFl annual conference. Engage with your
colleagues, get yourinspiration and debate how we can do even better. Finally, the commu-
nity is used to enjoy and celebrate this yearly gathering. Let’s make that happen online as
well, with a special warm welcome to many newcomers.
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KEYNOTE SPEAKERS

Keynote Speakers:

GREET LANGIE

Professor Greet Langie is since 2012 the vicedean of education of the Faculty of
Engineering Technology at KU Leuven (Belgium). She’s responsible for the design
and implementation of a completely new engineering curriculum, that in the
end will be organized for more than 6000 students. As a researcher in Enginee-
ring Education Research, she founded LESEC, the Leuven Engineering and Science Education Center.
This KU Leuven-community gathers researchers and practitioners contributing to the advancement
of STEM education. Her research interests are in the domain of study career guidance: the transition
from secondary education to higher education and the transition from university to professional life.

Professor Langie received the IGIP title ING.PAED.IGIP h.c.’. She is active in several international net-
works such as: board member of SEFI, co-organizer of the IIDEA-summercourse at Tsinghua University
and member of the BEST Advisory Board.

FOCUS ON THE EXIT TO KEEP THEM IN. CAREER DEVELOPMENT AT THE
START OF ENGINEERING EDUCATION

The world of work after the Covid-19 battle will look different. Career development will become even more im-
portant. Research has shown that a better understanding of the professional future has positive outcomes
for student learning and job satisfaction. Knowing what an engineer is and what kind of engineer students
want to be, requires the ability to critically reflect on personal interests and strengths and weaknesses. How
can we support our students to become more aware of their engineering identity and the wide variety of

career options?
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PIERRE DILLENBOURG

Pierre Dillenbourg is a full professor at the educational ergonomy lab of EPFL
(Lausanne, Switzerland). His projects combine the design, building, testing and
researching of new learning technologies and online learning. Research areas in-
clude virtual reality, MOOCs , ergonomy, educational robotics and learning ana-
lytics. This has resulted in cutting-edge applications with European partners, as
well as numerous master and phd theses. Pierre Dillenbourg heads the EdTech
Collider incubator for new educational technology spin-offs.

ESCAPING REALITY: THE VALUE OF ‘A’ IN AUGMENTED REALITY

Virtual reality and augmented reality strive for realism. In virtual reality, the holy grail is to create photorea-
listicscenesin order to generate a true feeling of immersion. In augmented reality, developers aim toreach a
perfect integration (alignment) between digital and physical objects. However, the added value of these en-
vironments for educational purposes isinstead their difference with reality. Walking through a dense forest
of neuronsis not possible in the world. In learning environments, the A of AR does not refer to visual overlay
of digitally-generated and camera-captured scenes but to enriching reality with pedagogical properties. AR
can make visible what is usually not visible, e.g. showing forces in the beam structure of a roof. AR allows
non-realistic manipulations of reality such as changing the color of a flower, moving a planet or changing the
season.Ineducation, graphical realismis useful but not sufficient. What makes AR relevantisits partial free-
dom from raw fidelity, the opportunities AR offers to experience phenomena differently than the real world.
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GERARD VAN DER STEENHOVEN

Professor Gerard van der Steenhoven is the general director of the Royal Nether-

lands Meteorological Institute (KNMI) since 2014. He is also a parttime profes-

sor Meteorological and Climatological Disaster Risk Reduction at the Faculty of

Geo-Information Science and Earth Observation (ITC) at the University of Twen-
te. Before this, he was the Dean of the Faculty of Science and Technology at the University of Twente.
In that period he was also responsible for the start of the Twente Graduate School, which supports
new researchers university-wide.

As the general director of the KNMI Van der Steenhoven is a board member of several international
meteorological organisations such as WMO, EUMETSAT (chair), ECMWF, EUMETNET and ECOMET. He is
an advisory board member of the Sonnenborgh museum in Utrecht, the Dutch Research Council NWO,
the Royal Netherlands Institute for Sea Research NIOZ, and the NLingenieurs. He also participated in
several audit committees related to program accreditation.

CLIMATE CHANGE TEACHING AND THE COVID-19 CRISIS

In almost every educational engineering program around the world some time is spent on
sustainability. And when explaining the importance of sustainability as a design criterium, the motivation
oftenincludes some sections on climate change.

Introducing climate changeinalectureisassuchnotverydifficult,as theeffects (meltingice sheets, extreme
weather events) are visible everywhere. Still, after such a lecture many questions are asked - which is good
-on the soundness of the evidence and the relevance of the mitigation and adaptation measures proposed.

In this keynote lecture | will show how both the ozone hole observed above Antarctica since the *80-ies of
the last century and the COVID-19 crisis we experience in 2020 serve as excellent examples on the reality of
climate change. The key message being that these events unambiguously proof human influence on the che-
mical composition of the atmosphere. Moreover, these examples can also be used to show the effectiveness
of mitigation measures. The importance of these two examples cannot be underestimated in the light of
discussion on the Paris Climate Agreement of 2015.

The COVID-19 crisis brings suffering almost everywhere around the globe. This is clearly very regretful. In con-
trast to this, this worldwide crisis brings about educational innovations and advantages, which otherwise
would have taken years tobeintroduced. Forone, every student feels free to type a question in the chat box,
not bothered by any social process going on in the group preventing her of him from posing the same ques-
tion publicly. This reduced threshold may also apply to the usage of other digital tools aimed at increasing
student participation.

Finally, I will take this opportunity to share with you some recent developments in climate change science
which you should feel free to use in your own programs back home.
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RUTH GRAHAM

A Mechanical Engineer by training, Dr Ruth Graham specialised in aeronautical
fatigue, working with BAE SYSTEMS for a number of years. In 2002 she moved
to Imperial College London, where she became Director of the EnVision project,
which sought to transform the undergraduate education across the Faculty of
Engineering and improve its culture of support and reward for teaching excellence. Ruth has worked
asanindependent consultant since 2008. Her work is focused on fostering change in higher education
across the world; helping to improve teaching and learning and supporting the emergence of techno-
logy-driven entrepreneurship within universities. Ruth’s recent projects have included a global bench-
marking study on the future of engineering education, a multi-year initiative to improve the reward
and recognition of teaching in higher education that is now supporting reform to the tenure and pro-
motion systems of over 50 universities worldwide, and a cross-institutional teaching cultures survey,

in which 20 universities are participating.

CELEBRATING AND REWARDING TEACHING: GLOBAL
COLLABORATIONS FOR CHANGE

Despite a shared mission across the higher education sector to drive positive educational change, it is wide-
ly recognised that career advancement for academic staff rests primarily on their research profile. Such a
research-centric university reward system imposes major barriers to innovation and change in engineering
education. However, a growing number of universities are fundamentally rethinking the ways in which aca-
demic achievements in teaching are supported, evaluated and rewarded. Often working in collaboration
with national or global peers, many are making fundamental changes to their academic career pathways and
reward systems. Implementing such systemic reforms, however, are not easy. Their success often rests on
whether the academic community trusts that these new policies will be delivered in practice by university
decision-makers, as well as the alignment of wider institutional processes, such as annual appraisals. A new
cross-institutional survey has been launched to monitor the perceptions and experiences of the academic
community throughout the change process. Using three cross-sectional surveys, the Teaching Cultures Sur-
vey capturesand tracks the perceived culture and status of teaching at universities across the world that are
currently preparing for or already implementing systemic reform to their academic reward systems. The first
set of survey findings, released earlier this year, shines a spotlight on the experiences and perspectives of
teaching amongst the academic community as well as the opportunities and barriers to change.

The keynote will highlight the global advances made in reforming academic career pathways and improving
the recognition of university teaching. It will also highlight findings from the 2019 Teaching Cultures Survey,
in which over 15,500 academics participated from across 21 universities and 10 countries. It will conclude by
discussing how the momentum for improving the recognition of teaching can be advanced and sustained in
the context of the rapid shift to online teaching and learning resulting from COVID-19 restrictions.
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EXPLORING STUDENTS’ CONCEPTIONS OF VECTORS:
A PHENOMENOGRAPHIC STUDY
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“He cannot, England know, who knows England only.”
Ference Marton

ABSTRACT

The concept of vector plays a central role in engineering mechanics and strength of
materials, where many quantities are vectorial in nature. Phenomenographic studies
can be useful in revealing the different perspectives of the students’ understanding of
vectors and variation theory is a promising approach to improve the teaching of
vectors. In this study, we will use the frameworks of phenomenography and variation
theory to explore students’ understanding and difficulties in using the concept of
vector. The data consists of pre-, post- and delayed post-tests questions about
vectors as well as student project reports in the course “Models, Mechanics &
Materials”, given to first-year engineering students, studying “Sustainable Design” at
Aalborg University, Copenhagen, Denmark. The results of the pre-test suggest that
most emphasis in teaching vectors in upper secondary school mathematics has
been on the algebraic representations of vectors and less on their graphical
representations, the mastery of which is essential to succeed in engineering courses
such as mechanics and strength of materials. The results of the post- and delayed
post-tests as well as the students’ project reports showed some improvement in the

! Corresponding Author
| Abou-Hayt
imad@plan.aau.dk

31



students’ performances after using variation- and context-based teaching of vectors
in the course. The article concludes with some proposals on how the results of this
study can be used to enhance the teaching and learning of vectors at the upper
secondary schools and the university.

1 INTRODUCTION

Understanding many concepts in physics and engineering, such as force, moment
and velocity, stands or falls on a firm grasp of the concept of vector [1]. Several
studies investigate students’ conceptions of vectors. For example, [2] investigated
2,031 physics students’ understanding of vector addition, magnitude and direction.
They prepared a list of questions about vectors in all introductory general physics
courses at lowa State University as pre- and post-tests. The outcomes showed that
most of the students were unable to carry out two-dimensional vector addition after
completing a physics course. [3] found that many students were not able to add or
subtract vectors graphically after traditional instruction and could not answer
qualitative questions about vector addition and subtraction. Their results are
consistent with those of [2]: Students have difficulties performing basic vector
operations. However, none of the previously mentioned studies investigating
students’ understanding of vectors utilized a phenomenographic perspective to
design a lesson in vectors and to explore specific aspects in students’ conceptions of
vectors. This paper is an attempt to do so. Our empirical data consists of students’
achievements on vectors through a pre-, post- and a delayed post-test as well as
students’ project reports in the course “Models, Mechanics & Materials”, given to
first-year engineering students in the years 2018-2019, studying “Sustainable
Design” at Aalborg University, Copenhagen, Denmark.

Thus, the main purpose of the article is an investigation, using a phenomenographic
perspective, whether the use of variation in teaching can contribute to improved
learning of vectors. Variation theory is described below.

2 ON PHENOMENOGRAPHY AND VARIATION THEORY

How is it that two students who are sitting in the same class on the same day with
access to the same materials can come to understand a vector (or any engineering
concept for that matter) differently? There may be many answers to this question.
“Variation theory is a theory of learning and experience that explains how a learner
might come to see, understand, or experience a given phenomenon in a certain
way” [4, p. 3391]. Variation theory stems from the phenomenographic tradition [5],
which is an educational research method developed in the early 1980’s by a
research group at the Department of Education at the University of Gothenburg in
Sweden [6]. It grew out of a series of empirical research studies that attempted to
answer the questions “(1) What does it mean that some people are better learners
than others? And (2) Why are some people better at learning than others?” [7, p.
146]. [6] asserts that there are a limited number of qualitatively unique ways in which
different people experience or perceive the same phenomenon. Thus, the goal of
phenomenographic research is to identify and describe the variation in experiences
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or perceptions that students have of a given phenomenon. The phenomenon under
study can also be a concept or an event.

Variation theory, sometimes referred to as “new phenomenography”, reflects a shift
within the phenomenographic research tradition that occurred in the 1990s [4].
During that time, phenomenography was criticized as being a purely descriptive and
theoretical framework. In other words, although phenomenography and its methods
could be used to identify and describe the range of experiences a group of people
had with a given phenomenon, it could not explain why that variation in experience
existed. Variation theory can be seen as a more theoretical extension of
phenomenography, in that it attempts to explain how students (and generally,
people) can experience the same phenomenon differently and how that knowledge
can be used to improve classroom teaching and learning [8]. One of the most
important tenets of variation theory is that seeing differences precedes seeing
sameness [9]. The quote mentioned at the top of this document illustrates this claim:
You cannot possibly understand what English is simply by listening to different
people speaking English if you have never heard another language. Similarly, you
cannot possibly understand what a vector is by only inspecting different examples of
vectors.

To gain a complete understanding of a phenomenon, four different patterns of
variation have been identified. These signify the difference between the aspects that
stay invariant in a learning situation and those that do not. These are [10]:

1. Contrast: A person needs a point of reference to compare something with
something else.

2. Generalisation: Variation in values of that aspect is necessary to discern the
phenomenon.

3. Separation: In order to be able to separate certain aspects from other
aspects, the phenomenon must vary while other aspects remain invariant.

4. Fusion: In cases where the phenomenon must be experienced in its entirety,
it is necessary that a situation should be present where these aspects are all
experienced simultaneously. Therefore, there is a fusion within the
dimensions of variation of the specific critical aspects.

In variation theory, a teaching situation involves the intersection of two domains of

knowledge and experience, the teacher sphere and the student sphere. The
knowledge processed during a teaching situation can have three different outcomes
[11]:

e The intended object of learning is what the teacher initially intended the
students to learn.

e The enacted object of learning is what is made possible by the teacher for the
students to learn in the lesson.

e The lived object of learning is what the students actually learn as a result of a
learning situation. This knowledge can be analysed both individually and
groupwise.
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The following representation of the three forms of knowledge is the authors’ own
modification of the model proposed by [12, p. 210].

Fig. 1. The three different perspectives of knowledge in variation theory

3 STUDY METHODOLOGY

The participants in the study are 42 first-year engineering students, enrolled in the
study program “Sustainable Design” at Aalborg University, Copenhagen, Denmark.
We chose these students because of convenience in sampling and also because the
topics of the course can be found in many engineering programs. The students were
given a pre-test in the first day of class of the course “Models, Mechanics &
Materials”, held in the Fall semester 2018. The first author was the lecturer in the
course. The pre-test includes many questions about basic topics from upper
secondary school mathematics, including the following two questions about vectors:

1. By referring to Fig. 2 below, it is given that |d| = 4 and |b| = 3. Sketch the
vector @ + b and calculate its length (numerical value).

2. By referring to Fig. 3 below, it is given that |d@| = |b| = 5. Sketch the vector

d — b and calculate its length (numerical value).

Fig. 2. Two perpendicular vectors Fig. 3. Two oblique vectors
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These questions are chosen because they represent some critical features of a
vector (in contrast to a scalar, for example). The post-test and the delayed post-test
consist of the same questions as the pre-test. The post-test was conducted at the
end of the course in December 2018, where the students also had to submit a group
report in the course project. The same class received the delayed post-test at the
end of the Spring semester in June 2019.

The results of the tests are collected and analysed, while the students’ project
reports are made accessible on Aalborg University learning platform, Moodle.
Assessing the students’ prior knowledge through a pre-test would make the students
aware of the contents they are expected to learn and can potentially influence the
learning experience of the students [13].

The purpose of the delayed post-test is to analyse the lived knowledge of the
students as well as to enable the researcher to see whether the changes in
knowledge have a long-term effect or only a short-term effect of the lesson. As
educators and researchers, we are naturally interested in developing sustainable
learning, since tests given directly after the lesson are not indicators of long-term
change in the students’ experience.

4 LESSON DESIGN

According to variation theory, the role of the teacher is to design learning
experiences for students to make it possible for them to discern the critical features
of the object of learning [14, p. 195]. However, variation in teaching does not
guarantee that the student will in fact discern the object of learning at stake, as
discerning depends on the student’s previous knowledge, current state of mind,
interest in learning, etc. The curriculum of the course Mathematics A at the upper
secondary education in Denmark (highest level) involves an introduction to two-
dimensional vectors [15], mainly in coordinate form. Examining some textbooks that
implement the curriculum, for example [16], the authors found that the concept of
vector is used merely as a synonymous of free vector, which is not enough for the
university students to discern all the critical features of a vector, as applied in the
course. Variation is therefore needed to discern those aspects of vectors not
previously discerned by learners. Using variation and simultaneity between aspects,
the students can learn to see vectors in new ways.

Presumably, the students have studied vectors as quantities having both a
magnitude and direction in contrast to scalars, which only have a magnitude. Below
we give excerpts of the actual lesson on vectors given by the first author. We started
by reminding the students of what they have learned about vectors and scalers by
giving examples, as in the following figure:
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Fig. 4. Scalars and vectors

We then asked the students to compare and contrast the vectors in the following two
figures. In Fig. 5, the velocity of the rocket test sled is a free vector since the velocity
is the same at all points in the sled whereas the two force vectors in Fig. 6 are fixed
(or bound) since changing their positions will alter their effects on the mattress. The
velocity vector in Fig. 5 corresponds to the mathematical definition of a vector (read:
free vector). In Fig. 6, the two aspects magnitude and direction remained invariant
while the point of application varied. This situation corresponds to the separation of
aspects in variation theory.

Fig. 5. A free vector Fig. 6. Fixed vectors

We then showed the students two different examples of a sliding vector. In Fig. 7,
the four cable forces can “slide” along their respective lines of action, along the
cables, similar to the weights of the two traffic lights in Fig. 8 which can also “slide”
along their respective lines of action, but perpendicular to the horizontal beam.

Fig. 7. Sliding vectors (l) Fig. 8. Sliding vectors (ll)
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A fusion of all aspects of a vector results when we generalize the mathematical
definition of a vector, by giving our own definition:

e A vector is a quantity that has a magnitude, direction, line of action and a
point of action.

¢ |If the line of action does not pass through a certain point in space, the vector
is called a free vector. It is freely movable in space

¢ |If the line of action is fixed, the vector is called a sliding vector. It does not

have a unique point of action.

If the point of action is unique, the vector is called a fixed vector.

5 RESULTS OF THE STUDY

The focus of this section is on whether teaching vectors using variation theory has
contributed to improve the students’ understanding of some critical features of
vectors. 42 students took the three tests, but only 40 answered to the delayed post-
test.

Table 1. Distribution of conceptions between Pre-, Post- og delayed post-test

Student conception Pre-test scores Post- Delayed post-test
test scores
scores
1) Sketching d@ + b 70% 91% 74%
2) Finding |d@ + b| 72% 80% 79%
3) Sketchingd — b 27% 61% 53%
4) Finding |d — Bl 20% 39% 32%
Table 2. Mean and standard deviation (SD) for students’ achievement in the three
tests

Test Mean SD

Pre 1.86 1.08

Post 2.80 0.97

Delayed post 2.2 1.05

In order to find out if the differences between the scores of the pre-test and the
delayed post-test were significantly different, or not, a paired t-test was conducted:
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Fig. 9. Results of a statistical test to compare the two means of the
pre-test and the delayed post-test

As seen in Tables 1 and 2, the students achieved significantly better test scores in
the post- and delayed post-tests than in the pre-test although the delayed post-test
scores were all a little below the post-test scores. For example, there was a
considerable increase in the students’ scores on sketching the difference vector a —

b from 27% in the pre-test to 53% in the delayed post-test. A close look at the
results of the pre-test showed that many students who gave wrong answers in
finding the length |@ — b|, have erroneously used Pythagoras’ theorem to calculate
the length, which they have previously learned in connection with finding the length
of a vector, given in coordinate form. This would suggest that the geometrical
aspects of vectors were given a minor role, whereas the algebra of vectors is much
more dominant at the upper secondary school. In fact, the length and direction of a
vector are critical geometrical features of a vector that cannot be discerned merely
by using vector coordinates.

The paired t-test (Fig. 9) found the p-value to be 0.0761, which means that we can
reject the null-hypothesis that the mean difference between the two sets of answers
is zero at a 10% significance level, but not at a 5% significance level. Thus the
students did in fact score somewhat higher in the post-delayed test on average.

It seems, therefore, that using variation theory as a lesson design tool together with
teaching vectors in the context of statics and strength of materials would improve
students’ learning in vectors. This study imparts some empirical evidence that
support the use of variation theory as a pedagogical guide to design lessons in
vectors in the classroom.

In the figures below, we show excerpts of some students’ answers.
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Fig. 10. A student solution for finding d + b in the pre-test.  Fig. 11. A student solution for finding |d@ — T;| in the
The length is however correct pre-test. Notice the use of coordinates and
Pythagoras’ Theorem

Fig. 12. A student solution for finding @ — b in the pre- Fig. 13. A student solution forfinding @ — b
test in thedelayed post-test

6 CONCLUDING REMARKS AND DISCUSSION

Variation theory is a promising tool for investigating students’ conceptual
understanding. However, the authors find that the theory ignores the effects of the
students’ prior knowledge on the lived object of learning. In fact, some studies have
shown that the students’ prior knowledge affects their learning when comparing
multiple examples in teaching [17]. The students’ prior knowledge itself could be
thought of as a pre-lived object of learning, while students’ understanding of the
object of learning after the learning event takes place could be a post-lived object of
learning. However, each individual encounters a unique set of experiences that
shapes a unique cognitive framework and guides the perception and integration of
new knowledge within the individual. Thus, prior knowledge is an important element
in the construction of conceptual knowledge [18]. That is why we decided to integrate
the students’ prior knowledge about vectors to construct a new understanding of
vectors, which itself becomes part of the students’ prior knowledge for afuture
learning experience. As seen in Tables 1 and 2 and Figure 9, the results of the
delayed post-test seem to suggest that the students did not fully retain what was
learnt, but the fact that a lot was retained means that this knowledge would indeed
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become part of the pre-lived object of learning. Furthermore, when the students took
the delayed post-test, they were busy with the actual exams and motivating them to
take this test for the benefit of research was not easy, which might also explain the
drop.

In this regard, the authors suggest that the curriculum of vectors in Mathematics A at
the upper secondary schools and in engineering mathematics courses should
include all kinds of vectors that the students will encounter in science and
engineering, given the fact that many students enrolled in Mathematics A will study
science, mathematics, engineering or technology at the university.

Since instructional materials, including both physical and virtual resources, are
designed to facilitate learning [19], they can have an unintended influence on the
enacted object of knowledge. Therefore, the authors call for the inclusion of more
examples on the geometrical aspects of vectors and their applications in physics and
engineering in upper secondary mathematics textbooks.

7 FUTURE RESEARCH PERSPECTIVES

Recent research studies reported that the integration of variation theory in classroom
instruction improves students’ performance significantly [20, 21]. Considering the
success of the integration of variation theory in teaching vectors, it is possible to
combine variation theory, animations and Problem-Based Learning (PBL) in major
topics of the course, such as equilibrium of rigid bodies, materials behaviour and
stress analysis, by allowing students to construct their own knowledge. Studying the
different forms of the objects of learning during their three phases: the intended, the
enacted (read: constructed) and the lived, and the influence they would have on the
learning outcomes of the whole course, would be an interesting subject for a future
article.
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ABSTRACT

Technology is impacting education in a number of ways. Examples include the
advent of online education, maker tools such as the Arduino, and software such as
intelligent tutors. Within this context, MIT Open Learning is working on
understanding, supporting, and further developing the role of computer-based
immersive learning technologies including augmented, mixed, and virtual reality
systems (collectively called extended reality, or XR) in education. XR has often been
positioned in the market as the next disruptor that will revolutionize STEM education.
Such immersive learning systems have the capacity to support learners not only in
knowledge, skill, and tool mastery, but also with engagement in STEM subjects
(affect), seeing oneself as a STEM practitioner (identity), broadening participation
through cultural customization (diversity), communicating as a STEM professional
(discourse), and more. However, many crucial challenges, related to bringing XR to
class are seldom considered. In a review of literature over the last 5 years, and
augmented by our own studies, we find that some aspects of immersive learning
systems have been evaluated usually in isolation, without comparative analyses with
other teaching modalities, and without long term analysis to correct for the novice
effect. We recommend advances on 5 fronts: interdisciplinary collaborations,
comparative research, in-depth exploration of learning implications, development of
new research methodologies, and institutional and organizational change.
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1 INTRODUCTION

Traditional educational research focused for decades on understanding and
evaluating the educational content, the classroom setting, and the behaviors and
interactions that might occur in class. The advent of the internet along with the rapid
development of online educational technologies has been disruptive in the last three
decades. New content, new pedagogies, new policies, and new degrees are now
steadily developed and adopted by a great number of educational institutions around
the world [1,2] As it has previously been stated in the MIT-OEPI Report [3], it is
imperative that this massive development in the field of digital learning gets paired
with extensive deeply integrated research across all fields that impact learning.
Within this context, MIT Open Learning is working on understanding, supporting, and
further developing the role of computer-based immersive learning technologies [4-6]
including augmented, mixed, and virtual reality systems (collectively called extended
reality, or XR) in education.

XR has often been perceived as the next disruptor that will revolutionize STEM
education., as it is expected to support pedagogical innovation, enhance distant
learning, as well as demoratize access to education. The rapid development of such
technologies and the large number of learning related XR applications, which are
rising daily in popularity, seems to support this notion. However, such immersive
learning systems have the capacity to support learners not only in knowledge, skill,
and tool mastery, but also with engagement in STEM subjects (affect), seeing
oneself as a STEM practitioner (identity), broadening participation through cultural
customization (diversity), communicating as a STEM professional (discourse), and
more [6,7].

1.1 Potential Impacts of XR in Education

XR educational technologies, in particular fully immersive VR systems, have long
been described as new media with the potential to support revolutionary new
approaches to education if incorporated apropreately within a well orchestrated
educational ecosystem. There are many definitions of “immersion,” however for the
purposes here we mean: “An immersive environment is one that generates
perceptual experience of the environment from a perspective within it, giving the user
the sense of “presence”: that is, the sense of really being present at that
perspective”[8]. The ability to immerse in a new reality is expected to allow teachers
and students to break current barriers and overcome restrictions [9-13] such as:
e Time: Students can now travel in time and experience simulations or
documentation of past historical places or speculative future.
e Physical inaccessibility: Students can explore the macro and micro worlds,
e.g., travel to the moon or visit the interior of a molecule.
e Physical or psychological danger: Students can now safely train in simulations
of hazardous situations like a fire or a flood; or safely place themselves in a
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position that might bring new or even uncomfortable types of social
interaction.

e Ethical problems: Students with no prior experience can now try performing a
difficult surgery.

e Cost limitations: Students can now use virtual laboratories and run virtual
experiments with sensitive and costly equipment they would not have been
able to access otherwise.

In addition to the aforementioned cases, through XR students are expected to be
able to virtually collaborate with peers physically located elsewhere, or even with
non-existent virtual characters [10]. Furthermore, they are expected to engage with
virtual identities they might never encounter in the physical world (avatars,
characters, agents, etc.) and to have the chance to embody them in order to explore
models of experiences beyond those they would encounter through their physical
world current age, race, sex, or even species [4,14-17]. Research on the effects of
social identities has also shown that use of XR can positively impact aspects of
social educational issues, such as stereotype threads, through the appropriate
employment of role-model avatars. All these affordances have also created the
hypothesis that XR environments will help raising student motivation, engagement
and participation [18], hopefully leading to better and deeper learning.

Having all that said, it should be clearly noted though that it is also common
knowledge among the academic community [19,20] that the use of VR technologies
“for creating learning environments holds a great promise but also many
challenges”[20-21]. Despite the great interest and the high hopes surrounding XR
system in education, it quickly became obvious that very few instances of the
educational content, and experiments evaluating their impacts, have been designed
with a clear pedagogical frameworks or even particular learning theories in mind.
Furthermore, although XR are presented as the solution that will advance students
learning, many crucial challenges, related to bringing XR to class are seldom
considered. Within this context, MIT Open Learning understands and feels the
responsibility to draw special attention to the fact that only a very small number of
these technologies has been properly researched and evaluated yet, therefore
highlighting the great need for extensive research related to the development of the
field.

2 METHODOLOGY
2.1 Data Collection and Analysis

Current paper presents a literature review on papers related to XR in education. To
collect papers included in the study, the authors conducted a search on
scholar.google.com looking for “Virtual Reality in Education” and “Augmented Reality
in Education” and selected the conference and journal papers that were published
within the last 5 years (from 2014-2019). To further demonstrate some of our own



contributions to the area, the authors additionally included publications produced by
the faculty and researchers involved in the MIT Center for Advanced Virtuality. A
total of 59 conference and journal papers were considered for this study. When
reading the papers authors aimed to identify research studies that would mention a
particular pedagogical framework or learning theory, or evidence related to retention
of learning.

3 RESULTS
3.1 Pedagogical Principles

To date, the majority of XR educational technologies are applications introducing AR
elements to complement and enhance traditional teaching resources. However, as
VR equipment becomes more affordable and accessible (for instance, mobile VR
systems that require only inexpensive plastic or even cardboard headsets and a
mobile phone), new content introduced through VR worlds has been developed at an
increasingly rapid pace. Most of the times content is not designed with a clear
pedagogical framework in mind, but in cases where pedagogies are mentioned or
can be clearly implied, the most common among them seem to be constructivism,
active learning, collaborative learning, experiential learning, situated learning
followed by kinesthetic learning and embodied cognition. As new technology is
developed and more elaborate immersive experiences are provided for learners, a
new learning phenomenon also emerges that must be theorized, which is implicit
learning through embodiment. According to early studies testing this theory, different
virtual body ownership “can result in implicit changes in attitudes, perception and
cognition, and changes in behavior’[22]. Furthermore, as argued literature, previous
research has demonstrated that the way users behave in both the physical and
virtual worlds can be influenced by these virtual self representations”[4].

3.2 Relevance Across Educational Settings

Examining current literature shows that XR content has already started to be
developed for a great number of subject matters and educational levels. Although
computer simulations, later developed into more elaborate VR immersive worlds, have
been traditionally used in medical education, military education, flight training, and
training of personnel to possibly face emergency situations, ready to use content can
now be found for many K-12 or higher education courses.

3.3 XR in K-12 Education

Taking a closer look at XR resources and technology for the K-12 education level, it
appears that the majority of content developed constitutes AR applications that run
on mobile phones or tablets, followed by 3D non-immersive games and simulations,
and a small number of immersive VR educational worlds. Content most of the time
was presented in the form of exploration or simulations. Meta-analysis of 69 related
studies [23] including K-12 and higher education students showed that when
comparing games, simulations, and virtual worlds to one another, games played
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individually showed higher learning gains in comparison to the other two cases;
researchers however also found an inverse relationship between number of
treatments and learning gains. In alignment with that result, researchers also found
that when students were repeatedly measured when using a virtual world, this
seemed to deteriorate their learning outcomes gained. Furthermore, although most
of the studies mentioned positive learning gains, many of them had several research
limitations or did not providing adequate statistical information to support the effect
sizes. In addition to the aforementioned studies, research comparing physical
artifacts to an AR enhanced digital book, and to 3D virtual objects showed that
elementary school children reported preferring the AR book more than the other two
options. Other studies examining AR and VR in K-12 show that without proper
guidance students tent to find this technology to be very overwhelming , complicated,
and creating too much extra cognitive load especially to students scoring in the lower
quartile on standardized exams. In addition to the lack of extended research on
learning through XR at the K-12 levels, there is also a very noticeable gap in the
literature in regards to the teacher experience when teaching using XR technologies.
There is a similar gap regarding learning for children with special needs. At this
point, it should be mentioned that the vast majority of XR resources are developed
for upper elementary classes and beyond; which is in complete alignment with the
fact that there is still great lack on research that can prove safety and appropriate
use for children at the early education level, especially after dizziness, disorientation,
and nausea have been frequently reported by many children when using VR
equipment (indeed, popular VR systems typically include warnings deprecating their
use with young children).

3.4 XR in Higher Education

A variety of XR resources has already started to be developed for the higher education
level recently, making content for many subject matters now available. AR is usually
integrated in class via “tools to track information about real-world objects of interest;
hardware and software to process information; and devices to show the user the digital
information integrated into the real environment’. VR seems to become mainly
introduced either through educational games or simulation applications. Virtual
medical labs and operation room are also increasingly deployed. Moreover,
development of VR technologies “is starting to spread its influence to the AECO
(Architecture, Engineering, Construction and Operations) sector through the creation
of new work methodologies and techniques, as well as original interfaces for
communication” [24]. In rarer cases, one can find courses introduced through
venerable CAVE systems. As previously discussed, the limited research conducted in
regards to the use of XR in higher education brings to light some encouraging
indicators related to student motivation or peer collaboration, however most of the
content and application developed so far rarely contain explicit pedagogies or mention
a clear learning framework.
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3.5 XR in Professional Training

Use of XR technology for professional training already has a long history, new tools
though do get more and more elaborate over time as new technologies emerge.
Augmented simulations have been long used in the fields of military and pilot
training. Medical training has now been using plenty of XR content and platforms
where doctors can either simulate difficult operations, get a view inside the patient’s
body, or even interact with virtual patients in order to learn how to deal with stressful
situations, or just to understand how to further develop empathy with a patient.
Moreover, content has now started to get developed for professionals who work in
the construction field, or for personnel that has to deal with emergency situations and
natural disasters. Virtual enviroments and online learning systems can also be used
to provide workplace training on social issues such as sexual harassment and more
broadly for reflective learning (in which reflection and perspective transformation are
measured, not only employee completion rate). Finally, VR has started to be used in
the field of traditional education for teacher training, as teachers can now interact
with a virtual classroom and practice teaching under different scenarios. Having that
said, it should be pointed out that there is again a lack of extended comparative
studying and evaluation in regards to most of the commercial training applications
that can currently be found on the market.

3.6 Research methods employed

Although various research groups have started conducting studies relevant to XR
Education, up to date most of these studies are small scale research studies that
only focus on understanding the use of a small educational module used within a
small group of users. Such studies may provide some initial indicators in regards to
whether an AR or VR module might be working for a particular group of learners,
however it does not allow us to know if it works better than other more traditional
approaches.

4 CONCLUSION AND RECOMMENDATIONS

4.1 Recommendation 1: Increase Interdisciplinary Collaboration Across
Fields, Using and Integrated Research Agenda
Although the need in higher education for deeper integration of research across the
fields that impact learning [3] had already been highlighted and justified, we now
state the need for such collaborations through the prism of the development of XR
educational spaces at all educational levels. The suggested interdisciplinary scheme
(Figure 1) would involve a large number of disciplines. Collaboration across these
fields will continue strengthening our understanding of how learning works and will
keep helping improve the design, development and evaluation of effective learning
experiences. To develop and study these new educational worlds we need to
combine the fields of the learning sciences, education, technology development,
game design and development, arts and design, and health studies just to mention a
core few. All these fields have been showing great advances when studied
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individually in the past, however it is the carefully orchestrated highly interdisciplinary
collaboration that now needs to come to play. We recommend that institutional and
government agencies, as well as other foundations supporting learning and
education research, to highly encourage development of much wider and cross-
disciplinary research schemes that will allow for deeper exploration of these new
fields.

Fig. 1. Fields that need to be integrated during the design of XR Education

4.2 Promote Comparative Research and Evaluation of Technologies and
Pedagogies as the Critical Factor to guide Future Development and
Decision Making

Having carefully examined the current landscape of XR in education, it becomes
clear that development of new technologies does not always get followed by careful
research-based evaluation. Even when there is a follow-up study, it almost never
presents a comparative testing case including control groups. At the cognitive level,
even when studies present encouraging findings regarding learning, access, and
participation, there is almost never a comparative testing case that would allow us to
fully understand the benefits of this new teaching method over the use of a simple
2D computer simulation or just the delivery of a traditional lecture. Given current
challenges already mentioned, we recommend that a) researchers closely attempt to
collaborate and coordinate their studies with XR developers, so they can carefully
design long term research studies, and b) carefully plan comparative experiments
between control groups using XR and more traditional teaching methods.
Furthermore, although we hypothesize some of the immediate benefits of using XR
in education, such as the fact that it almost always sparks interest and enthusiasm
among the students, it is still unknown to us when this novelty effect starts to wear
off. It is, of course, understood that in order to study the novelty effect one should be
able to use resources for an extended period of time, not easy in this case, given
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that, especially regarding immersive VR educational worlds, existing resources
mainly include individual or short scale modules while we still lack content that could
support long term curricula.

4.3 Allow Time for In-Depth Exploration of the Field

Since XR in education is an area still in its infancy, we believe that a substantial
amount of time will be required in order for researchers to properly understand and
evaluate potential benefits and threats to student learning, as well as to school
logistics and performance metrics. Despite the fact that XR technologies have now
become more affordable, allowing for a big number of K-12 teachers, higher
education instructors, and professional trainers to currently use them in class, only a
very small number of short-term evaluation studies have been published up-to-date,
leaving a great number of essential questions unanswered. Acknowledging all
potential benefits, but also keeping in mind all potential threats, mainly cognitive,
social, and physical, but also related to cybersecurity or missuse of student personal
data. MIT Open Learning recommends that instructors and institutions proceed with
critical awareness when incorporating XR in class, while constantly keeping
themselves informed regarding updated research findings in the field.

4.4 Support the Development of new Research and Evaluations Methods

Educational studies had traditionally been using some well-established qualitative,
quantitative, and mixed research methods, that would mainly employ an external
observer/interviewer view in regards to studying human learning. During the last
years MIT’s agenda, through the development of the MIT Integrated Learning
Initiative (MITili), is to promote a deeper integration of all learning related sciences,
attempting to create a more holistic research scheme that would combine the
traditional external view with the internal view usually employed by the brain and
cognition and the neuroscience field. Considering how multidisciplinary XR in
education is expected to be (Figure 1), one can expect that a great number of
already existing research methods and evaluation instruments can already come to
play, such as, but not limited to, a) observational protocols (mainly used at the fields
of the learning sciences and cognitive psychology), b) CT or EEG scans (mainly
used in the field of cognitive science), c) software usability evaluation tools (mainly
used at the fields of human computer interaction and software engineering), d) cost
efficiency and scalability analysis tools (mainly used in the field of finance). All the
aforementioned methods and tools can already be used in order to measure different
aspects of this upcoming educational world; however the need for new, advanced,
more integrated assessment and evaluation instruments, that would also allow us to
interconnect and correlate findings from all these different research worlds into
meaningful answers, is very critical and therefore should be fully supported for the
further development of the field.
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4.5 Foster Cross Institutional and Organizational Communication Schemes to
Facilitate Information Sharing as New Technologies and Pedagogies get
Implemented and Evaluated

Although XR in education is still relatively embryonic, organizational approaches
and implementation mechanisms that will eventually be employed to introduce
potential XR applications can already start getting carefully designed and formed. In
particular, we recommend the creation of thinking communities to continuously
follow, internally evaluate, and disseminate information about XR educational
innovations as they will get developed; and the identification and development of
change agents and role-model early adopters in assisting the K-12, higher
education, and professional education communities into adapting and implementing
upcoming XR tools and pedagogies. Here, we refer to change agents as groups of
experts, each time specialized in an appropriate educational level, collaborating
toward a common end, rather than just individual visionaries [3]; and to role-model
early adapters as successful groups, K-12 schools and academic institutions that are
willing to pilot new, thoughtfully designed approaches [3].
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ABSTRACT

Project and problem-based learning are gaining a solid ground in engineering
education. There are well-known communities such as the CDIO organization that
promote a certain curricular framework for projects. There is also a large but
scattered research literature that reports various ways of implementing projects.
However, a comprehensive situation analysis is still waiting to be written. This paper
aims to draft an overview of the current situation in Europe. A recent research review
by Chen, Kolmos & Du has collected a considerable amount of scholarly articles on
the subject, however, much of the current practice is not included or exposed in their
paper due to the focus on challenges. We attempt to enhance the understanding of
the current situation by adding information that is found in conference papers such
as of SEFI annual conferences, university publications and web-sites, Erasmus
project information, and so on. The scholarly literature covers only a part of the
practice because most of it is ongoing activity that is not organized as research
projects; therefore, to understand the situation various kinds of sources of
information are needed. Our goal is to increase understanding of how PBL is
reported, experienced and developed in European universities, based on previous
studies and our own explorations.
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1 INTRODUCTION
1.1 Aims

Project and problem-based learning are gaining a solid ground in engineering
education, particularly in some geographical areas such as Northern Europe. There
are well-known global communities, most prominently the CDIO organization that
promote a certain curricular framework for projects (http://cdio.org). Additionally, the
project-based approach promoted by the Aalborg University has a base of followers.
The extensive research literature that reports various ways of implementing projects
is scattered in journals and conference proceedings of many sub-fields of education
and engineering. This paper specifically aims to outline an overview of the current
situation in Europe. A recent research review by Chen, Kolmos & Du [1] has
collected a considerable amount of scholarly articles on the subject with an
emphasis on challenges and difficulties. Nevertheless, much of the current practice
is not included or revealed in their paper. The scholarly literature covers only a part
of the educational practice because most of it is not organized as research projects;
therefore, to understand the situation also other sources of information are needed.
We attempt to enhance the understanding of the current situation by adding
information that is found in conference papers such as of SEFI annual conferences
(http://sefi.be), university publications and web-sites, Erasmus and EU project
information, and so on. Our goal is to increase understanding of how PBL is
reported, experienced and developed in European technical universities, based on
previous studies such as the work by Chen et al [1] and our own explorations.

1.2 Related studies and reviews

The common acronym PBL could refer to project-based learning, but maybe more
often it refers to problem-based learning. These two approaches sometimes overlap
even though the motivations and pedagogical thinking differ, which will be discussed
later in this paper. Problem-based learning has a long history in medical education
and in primary and secondary schools [2]. It has its own journals such as The
Interdisciplinary Journal of problem-based learning and The Journal of Problem
Based Learning in Higher Education. We do not intend to define what is understood
by project-based learning, which is a rather vague concept, instead, we rely on the
reports by the universities themselves. Moreover, there are several other terms that
refer to approaches that include similar ideas and practices such as supported
collaborative learning, inquiry-based learning, and team-based learning.

Edstrom & Kolmos have written a thorough comparison of the two major solutions for
higher education (HE) project-based learning, namely the “Aalborg model” and the
CDIO initiative in engineering [3]. Therefore, we do not repeat the details of the
models here, but refer to their paper, and numerous other articles covering the
motivations and findings of either of those solutions, some of which can be found in
the references of this paper. A brief outline is given in the chapter 3 that presents the
different ways to include projects in the curriculum.
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1.3 Sources of information

This paper aims to shed light on the phenomenon of project-based learning,
particularly in recent years in Europe. It is based on a variety of sources: literature
surveys on scholarly articles, other published materials, visits to several universities,
collaboration in EU funded projects and exchange programs, and meetings in
various conferences on engineering, education and for information technology
professionals. The authors have been active participants in a number of EU funded
and Erasmus projects and programs over twenty years, which has helped to build a
network of colleagues and get insights to practices in European countries
(https://ec.europa.eu/programmes/erasmus-plus/projects/). Because the home base
of the authors is in Finland, Finnish universities are used as examples for various
practices. As Finland has a small population of less than 6 million, but a large land
area, it has relatively many technical universities (7) and universities of applied
sciences (18). They collaborate widely in developing the education, and therefore
share many best practices, some of which are described here.

2 WAYS OF IMPLEMENTING PROJECT BASED LEARNING
2.1 Motivations for projects as parts of curriculum

The motivations to start using projects in higher education are varied, starting from
educational ideas to purely commercial aims. Professional practices in engineering
have inspired many project courses, where the intention is to build professional
skills. Engineering practices include much project work, and whenever a new product
is built, the process is organized as a project: It could be a construction project,
software project, designing an aircraft project, and so on. Therefore, learning about
problem-solving through projects is an essential part of professional competence and
needs to be a part of any engineering curriculum. [4] [5]

Engineering faculties have been involved in research and development (R&D) work
and collaboration with companies for decades. Universities strive to build
collaboration with local and also global companies for several reasons. Sometimes
they are promoted by government policies, or the goal is to improve employment
possibilities of their students, sometimes simply to make money in a situation where
funding is insufficient. The collaboration may take many forms, one form being
student projects where a company acts as a client. The so called innovation centres
and labs are the latest trend in these activities. Collaboration with industries is typical
in cities that have large manufacturing and R&D facilities, such as Stuttgart in
Germany (car manufacturing) or Espoo, Oulu and Tampere in Finland that had Nokia
R&D centres. In Jyvaskyla in Finland, the university and IBM have a shared
innovation hub. The Metropolia University of Applied Sciences has an R&D unit
called Electria which started with a sterile manufacturing lab and RFDI development
before expanding to scaffolding start-ups under the Turbiini project.

Pressures from the government and local actors include programs by European
Regional Development Fund (ERDF) and the European Social Fund (ESF) that
encourage involvement with city planning, and civil society. Technical universities act
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together with cities and NGOs to develop new solutions in projects where also
students participate. When the primary goal of projects is something else than
education, the additional value for students would probably need more attention than
it usually gets. However, efforts such as the European Network of Living Labs
(ENoLL) strive to combine innovation activities with solid educational principles.
(http://enoll.org)

Additionally, universities are expected to provide entrepreneurial skills to students.
Hands-on experience is definitely the most efficient way to get an understanding of
entrepreneurship. Universities have established business incubators, innovation
laboratories, etc. where students can experiment with start-up business in instructor-
led projects. Often this is organized as multidisciplinary work with other fields of
study where technical skills can be combined for instance with health care or
environmental expertise. The Oulu University of Applied Sciences in Finland has
developed a prototyping program called OAMK LABs. The LABs are structured as
interdisciplinary, full-time programs that bring together teams to develop new
products and start-ups. The Oulu EduLAB brings teams together to develop global
education technology solutions, many of which are educational game prototypes [6].
Sheffield Hallam University in the UK is another case that widely applied
collaboration projects with local entrepreneurs. [7]

Internal motivations for curriculum development include efforts to improve retention,
which has been a longstanding challenge at technical universities. Even half of
engineering students drop out from their studies at some universities. Numerous
efforts to remedy the situation have been tried and reported. Student motivation has
suffered from initial physics and mathematics studies that lay ground to scientific
understanding but are demanding and the connection to professional practice has
remained unclear for the students. Student projects have been an effort to make the
studies more engaging. Projects that combine various skills have been one way to
soften the beginning of the studies and to increase the motivation. The CDIO
initiative can be considered as one of the major efforts to tackle this issue. [5]

2.2 New learning technologies

Online learning platforms include increasingly sophisticated tools for collaboration
and project work. Moreover, many business oriented applications are suitable for
team efforts in distance learning. These enable various experiments with
international student groups from several universities, which have also been reported
in research literature usually as case studies. A large number of them are connected
to EU funding (Erasmus) that requires partner collaboration in several countries. On
the other hand, open virtual universities apply platforms where project or team work
is one optional mode of instruction.

Moreover, there have been projects that have particularly aimed at developing virtual
collaboration tools that support project work. Early efforts include the Netpro in 1998
supported by EU by the EVTEK University of Applied Sciences in Finland in
collaboration with several other European universities [8]. It was later followed by
Knowledge-Practices Laboratory (KP-Lab) with University of Helsinki and 20 other



European universities in 2006-11. As a theoretical innovation, the KP-Lab
represented an approach to human cognition that went beyond acquisition and
participation metaphors of individual learning into shared knowledge-creation
processes. The KP-Lab organized courses that focused on solving complex
problems for professional communities in participating companies. The KP-Lab built
reflective social practices around shared knowledge artefacts of technology-
enhanced learning. [9]

2.3 Educational goals and backgrounds

Educational ideas, based on cognitive science and learning theories, have inspired
new methods frameworks for improving learning such as the KP-Lab described
above. The idea of problem-based learning is partially related to critical pedagogy by
Paolo Freire, whereas project-based learning is anchored in the constructivist theory
of learning and cognitive learning theories that originate in Vygotsky’s thinking and
cultural historical activity theory developed by Leontjev, Wertsch and Lave. [2, 10]
Nevertheless, project-based learning efforts in engineering seldom are that well
informed on human cognition and learning, as the instructors tend to have less
background knowledge in educational theories, having technical professional
education themselves, and less regularly pedagogical training. Many efforts are built
on “best practices” kind of thinking, and new ideas are found by benchmarking other
institutions. [11]

2.4 Educational theory

Collaborative learning and problem-based learning are strongly anchored to
educational research, cognitive psychology and theories of social construction of
knowledge.

Inquiry-based learning and trialogical learning are related concepts that have been
referred to in various implementations of project-based learning. The technical
university of Eindhoven calls its approach Challenge Based Learning (CBL) [2].
Learner-cantered approaches are supported by the current knowledge of human
cognition by neuroscience. Humans build their knowledge in continuous interaction
with the environment, other people and learning artefacts. Learning is an active
process of problem-solving, adoption and creation of knowledge and skills, based on
existing competences. At universities, the knowledge creation process is additionally
connected to expert communities and social networks. [9]

3 RESULTS
3.1 Various types of implementation

The implementations of project-based learning can be roughly categorized as
follows:
1) Full immersion, full-time project-based learning
2) A project based curriculum that includes at least one large project every study
year
3) Projects running along other study modules (half-day, one day/ week)
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4) Capstone design courses & projects that take place at the end of studies
The categories 3 and 4 are very common all over engineering institutions. As
individual courses are abundantly reported in the literature, we just refer to Chen et
al [1] and other sources for more detailed accounts and discussions on findings.
Categories 1 and 2 are further described below.

3.2 Summary of curriculum level implementations

Even though Maastricht University in Netherlands is not in engineering education (it
offers Data science and knowledge engineering & Business engineering), it deserves
to be mentioned because of its influence to other universities in Europe. It has
applied problem-based learning since 1974, later enhancing and developing the
education in some programmes with project-based learning and other student-
cantered methods. [2]

Full immersion, full-time projects during the entire curriculum, in at least one faculty,
are given in the following institutions: in Denmark Aalborg University, and DTU in
Copenhagen [12]; in Finland Metropolia University of Applied Sciences, Lapland
University of Applied Sciences; in Netherlands Twente University and Amsterdam
University of Applied Sciences. [13] [14]

In the case of Metropolia UAS in Finland, the transition to a full-time project-learning
curriculum was implemented in 2014. In engineering departments, a large number of
smaller study units were combined into four modules for each study year. These 15
ECTS modules take 8 weeks, and each incorporates theoretical as well as practical
subjects, most of which were included in the module project. Because all
departments and programmes had freedom to plan their modules independently, the
practical implementations varied widely. In some programs, teachers embraced the
possibility to get involved in team teaching and project facilitation, whereas in some
others they kept a more conventional approach with lectures and individual
laboratory exercises with small projects. Nevertheless, the amount of project and
team work for students multiplied with promising results, causing a significant
increase in accumulated study credits. [15] [16]

3.3 The universities with yearly projects

Project-based curriculum in some kind of form that includes several integrating
projects is implemented for instance at University College London, at Aston
University, Birmingham, in the UK, and LINEACT, CESI in France. They are also
members of the CDIO consortium universities where at least three project courses
are included in the curriculum. Members include 75 universities in Europe, around 50
in Asia-Pacific, 19 in North America and several in Latin America and Africa as of
March 2020. The member list includes many universities in Sweden, Finland,
Russia, Netherlands, Denmark, UK, and Ireland. There are a couple members in
France, Spain, Portugal, and Italy; however, Germany and Austria are completely
missing. Presumaby, that does not indicate total lack of project-based learning in
those countries; rather, it may be a language-area issue. (http://cdio.org)
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The review by Chen et al [1] as well as other earlier reviews cited here report only
journal articles in English. Therefore, studies that have been published in other
languages (French, German, Spanish, Italian, Russian or smaller languages) remain
non-reported. Nevertheless, based on our experiences in European countries, it is
not probable that any significant, large-scale implementation of project-based
learning would go unnoticed, rather, it is a question of different teaching traditions.

4 DISCUSSION

As described above, the two major initiatives on project-based learning, CDIO and
the Aalborg model, have produced substantial literature that reports the
achievements and challenges of their approach. The models have been developed
with a systematic follow-up and evaluation. They have been able to show benefits in
terms of student retention and motivation. The universities that have reported various
kinds of implementations, in particular types 1 and 2 where projects are regular and
all students conduct several projects during their studies, have reported successful
results. Improved motivation, student commitment and higher professional skills are
typical outcomes. Many of these universities are considered among most
appreciated in their countries [14]. As they continue the project mode of teaching,
they obviously find it rewarding. In case of Metropolia UAS in Finland, the collection
of feedback and results has been systematic over six years [15].However, even with
this one university case, the implementation of the model has taken many forms in
various programs, all implementations being not comparable.

When the faculty members have acquired sufficient level of knowledge and skill in
supervising and instruction, the results have obviously improved. Therefore, the
CDIO consortium has built a development path for newcomers who join the effort
and start reshaping their curricula. It gives guidance for staff development, and
outlines phases of implementation (http://cdio.org).

In addition to the above-mentioned, well-documented models, numerous case
studies have been published over the years in professional journals and conference
proceedings. A meta-analysis of these case studies would be rather challenging for
various reasons. Firstly, it is not known what the sample represents: is it a balanced
collection of experiments or does it represent successful cases that were felt worth of
publishing and leaving the failures out? This positive case bias is a recognized
phenomenon in science publishing. Another serious challenge is the lack of standard
in reporting. Certain settings of trials usually are included in the papers such as the
composition of student groups, the location of the project in the curriculum and the
contents of the implementation. However, some other questions are less frequently
reported such as the experience and training of the instructors, or a comparison with
other implementations or cases. [1]

Chen et al [1] summarize positive and negative outcomes of project courses, as well
as problems that have been experienced. They have classified the papers in various
ways. There are apparent difficulties in assessing individual case studies: firstly, they
do not follow any kind of established standard, and tend to report results without
systematic comparison to other cases. Often, the cases are not repeated in
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successive years, or they are repeated in a modified format. On the other hand, the
background of staff professional capacities, as well as student experiences, might be
insufficiently described in the papers.

Issues discussed in project course evaluations usually include the types of project
assignments: whether they are problems given by teachers, results of student idea
generation or industry or community problems with real clients. These depend much
on the motivation for the project course as discussed in chapter 2.1.

Project work and team work regularly encounter problems such as the organization
and support of the collaborative effort, and the evaluation of teams. These difficulties
tend to be satisfactorily solved in well-established project work settings and with
experienced academic staff. Similarly, the concerns of instructor workload in a new
kind of curriculum decline with accumulating experience. [16]

The question of student learning and do they achieve the same skill level or possibly
better competences than with more traditional and individual learning methods is
crucial. Several reports such as the survey among Birmingham graduates among
others support this view [17].

5 SUMMARY AND CONCLUSIONS

The goal of this treatise is to clarify the picture of developments around project-
based learning in technical universities in Europe. We hope that it is one step
forward in understanding the manifold forms that engineering education currently
takes and how wide the field is. We acknowledge that we could not fully cover
existing implementations but sincerely hope that this mapping of practices will
continue by the community of engineering educators, and universities can in the
future develop their education based on firm evidence on benefits and challenges of
different approaches.
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ABSTRACT

Universities are embracing ‘challenge-based learning’ (CBL) to engage students in
contributing to real-life societal challenges. In CBL learning takes places through
identification, analysis and collaborative design of sustainable and responsive
solutions to these challenges. One aspect of CBL is working in interdisciplinary
student-teams. Hence, implementation of Interdisciplinary Engineering Education
(IEE) is sought, with the aim to train students to bring together expertise from
different disciplines in a single context. To support this implementation of IEE, this
paper presents a review that synthesizes IEE research with a focus on
characterizing vision, teaching practices, and support. We aim to show how IEE is
conceptualized, implemented and facilitated in higher engineering education at the
levels of curricula and courses. Ninety-nine studies were included for analysis.
Results indicate challenges in identifying clear learning goals and assessments
(Vision). Furthermore, developing interdisciplinary skills, knowledge, and values
needs sound pedagogy and teaming experiences that provide students with
authentic ways of engaging in interdisciplinary practice (Teaching). Finally, a limited
understanding exists of barriers that hinder the development of engineering
programs designed to support interdisciplinarity (Support). This review contributes a
level of awareness that allows teachers and educational leadership to take the next
step towards interdisciplinarity in CBL.
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1 INTRODUCTION
1.1 Interdisciplinary engineering education and challenge-based learning

Today's social, economic, environmental, and medical challenges are complex, and
often open ended and ill-defined [1]. These challenges go beyond the traditional
image of engineers' tasks and responsibilities [2]. They call for a type of engineer
who is socially connected, and who can work both within and outside the boundaries
of his or her own discipline [3]. As a result, future engineers need the ability to
access, understand, evaluate, synthesize, and apply perspectives and knowledge
from fields other than their own. Or, at least be able to collaborate with those from
other fields [4]. This ability would help engineers consider a broad range of
environmental and social factors for approaching contemporary challenges [5].

One of the responses to these challenges and calls increasingly seen in higher
engineering education is Challenge Based Learning (CBL) [6]. CBL is an
interdisciplinary experience where learning takes place through identification,
analysis, and collaborative design of a sustainable and responsive solution to a
sociotechnical problem of which both the problem and outcomes are open [7]. CBL
at least involves (1) open ended problems from real world practice that require
working in interdisciplinary teams, (2) entrepreneurial acting and design thinking, (3)
combining disciplines, and (4) linking curricular and extracurricular activities [7]. CBL
both deepens disciplinary knowledge and stimulates 21st century skills such as self-
awareness, self-leadership, teamwork, and an entrepreneurial mindset [8][7].

In our view CBL is an educational evolution, rather than a revolution, with working in
interdisciplinary student-teams as a central characteristic. Hence, implementation of
interdisciplinarity in engineering education is looked for, with the aim to train students
to bring together expertise from different disciplines in the context of solving
sociotechnical problems. The working definition for interdisciplinarity in education
that studies of Interdisciplinary Engineering Education (IEE) seem to agree on is that
interaction between fields of expertise requires some level of integration between
those fields to count as "interdisciplinary" [9]. Interdisciplinary interactions can be
considered as attempts to address societal challenges by integrating heterogeneous
knowledge bases and knowledge-making practices, whether these are gathered
under the institutional cover of a discipline or not. Individuals in interdisciplinary
teams learn from others' perspectives and produce work in an integrative process
that would not have been possible in a mono-disciplinary setting [10].

This implementation of IEE makes it timely and relevant to explore how aspects of
CBL can be found in studies of engineering education. The aim is an evidence-
based grounding for developing CBL in engineering education, which would allow
teachers and educational leadership to take the next step towards a more systematic
less diffuse approach to interdisciplinarity and CBL.
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This review builds on an earlier literature review of interdisciplinarity in engineering
education [11]. Because of our aim of offering an evidence-based grounding for
interdisciplinarity in CBL, for this paper we provide a secondary analysis of review
results, filtering for CBL-relevant findings. As such, the added value of this review
consists of bringing together approaches, reported success factors and challenges
from individual case studies, that can serve as points of attention for teachers,
curriculum designers, and researchers of IEE, and CBL in particular.

1.2 Characteristics of CBL

To characterize CBL, Malmqvist et al. [7] make a distinction between traditional
engineering education, CDIO/Problem Based Learning (PBL), and CBL. This
distinction leads to the following characteristics for CBL:

« Combination of engineering and entrepreneurship/business

« Emphasis on social context

« Combination of problem formulating and designing

o Combination of team and individual

e Value-driven, with a focus on transformation and integration, and short-term
and long-term value creation [12]

o Competences in sustainability problem-solving; systems thinking, and
anticipatory, normative, strategic, and interpersonal competence, and critical
thinking [13]

« Based on arigorous treatment of engineering fundamentals. Students
accomplish high levels of specialized knowledge in their field of study

These characteristics together form an educational vision on CBL. Or, in other
words, CBL in our view is an educational concept, rather than an educational
method. However, this concept asks for a translation to practice to help curriculum
designers or teachers in developing their courses and teaching, and formulating
support requests.

1.3 Vision, teaching, and support

To explore interdisciplinary courses and curricula we identify educational processes
at three levels: vision, teaching, and support [14]. The boundaries of our review are
defined by a focus on teaching and learning, with connections to the other two
process layers.

Vision serves as a foundation for an interdisciplinary approach by describing the
basic motivations and goals that are to govern an educational program. The primary
processes, which we labelled ‘Teaching’, consist of instruction and curricular aspects
such as learning goals, competence indicators, content, structure, and design of
instruction, assignments and assessment, student characteristics, and teacher
characteristics. Teaching puts the governing vision into action. Support consists of
aspects such as infrastructure and institutional support, including available
instruction rooms and laboratories, learning management systems and other tools



and techniques, practice-based management, resources for developing teacher
skills, incentives, and allocated time for curriculum development.

1.4 Research questions

Little is known about characteristics that really enable CBL-activities to succeed.
Additionally, as challenges are inherently unpredictable, dealing with ‘emerging
outcomes’ is an assessment challenge in itself. This paper presents a review that
synthesizes |IEE research with a focus on evidence for CBL characteristics that allow
educators to translate visions into effective means of teaching and support. This aim
leads to two research questions:

What aspects of Vision, Teaching, and Support have emerged as topics of interest
for CBL in empirical studies of IEE?

What points of attention regarding Vision, Teaching, and Support can be identified in
empirical studies of IEE as supporting or challenging interdisciplinarity in CBL?

2 METHODOLOGY

To find examples of interdisciplinarity in engineering education and empirical
evidence on whether the suggested IEE approach worked, we followed a pre-defined
procedure [15] emphasizing the following steps: Formulation of research questions,
searching for and screening of studies according to inclusion/exclusion criteria,
description of study characteristics, appraisal, and synthesis of results. In this study,
the approach chosen was an aggregative synthesis of results [16]. For a detailed
description of the applied method, we refer to [11].

During the first step, searching for studies, target articles were identified through the
Web of Science and Scopus databases. Queries were performed with the search
terms “interdisciplinary” OR “multidisciplinary” OR “transdisciplinary” AND
‘engineering education.”

Step 2 consisted of surface level screening by reading titles and abstracts and aimed
to identify only relevant articles that met the following criteria for inclusion:
1. The article investigated curriculum or course-related aspects of IEE
2. Interdisciplinarity in engineering education needed to be central to the case
and/or argumentation; both interactions between engineering fields, and
between engineering and other scientific fields were considered
3. Participants were students or teachers in higher education
4. The article discussed at least one of the three levels of vision, teaching,
support, or elements thereof
5. The article was published in an international peer-reviewed journal
6. The article was published between 2005 and 2016
7. The article was published in English and available as a full-text version

The available articles were scanned in step 3, after which a further selection was
made based on criteria including the search terms discussed above. Ultimately, a
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total of 99 studies were included in the review. Each of these 99 studies were coded
based on a coding table. A priori codes were used to categorize the articles after
reading the full text. This coding table structured the criteria for inclusion and
subsequent data extraction from the included articles. The coding table included the
following sections:

e General information: authors, title, publication source, publication year,
abstract, keywords,

¢ Research design and population: qualitative or quantitative method, number
of participants, main academic discipline involved,

e Vision: motivation for IEE, curriculum goals, orientation (e.g.,
design/research/problem-based), multi-, inter-, or transdisciplinary, system
approach, disciplineffield,

e Teaching: learning goals, group size, learning environment, scaffolding
structures, student skills, assessment, collaboration,

e Support: organization, teacher support, barriers,

e Overall results: findings related to any of the sub-questions defined for this
review.

Because of the purpose of translating the educational concept of CBL to educational
practice with a focus on interdisciplinarity, the results were analysed from the
perspective of CBL characteristics. Therefore, no new codes were added to the
coding table as designed in [11]. To increase the reliability of this literature review,
the authors collaborated closely in the process of identifying emerging themes.

3 RESULTS
3.1 Emerging themes for IEE vision

Systems approach: Many articles in our review drew upon a “systems approach” to
structure IEE. In this context, a system is perceived as a collection of components
undergoing dynamic interaction with one another, often across disciplinary domains,
and a system approach as the required set of skills needed to handle such systems
[17]. Such skills include metacognitive abilities such as systems-thinking and T-
shape competencies, in which a core strength of disciplinary expertise (the vertical
axis of the ‘T’) is coupled with the ability to value and work with a broad range of
people and situations (the horizontal axis of the ‘T’) [18]. Systems thinking and T-
shape competencies thus refer to the CBL characteristics ‘Competences in
sustainability problem-solving’ and ‘rigorous treatment of engineering fundamentals’

[7].

Most of the articles investigating systems thinking explicitly advocated that
instruction should start by training knowledge of a single discipline. The horizontal
axis of the T-shape was subsequently described as a capstone or a combination of
knowledge from different disciplines or systems, or as a combination of professional
skills, such as communication, project management, presentations, or the
understanding of cultural differences.
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Complex real-world problem-solving: The central reported motivation behind
interdisciplinarity in engineering education in the included articles is that engineers
are not yet being trained well to address complex real-world problems, which require
interactions across disciplinary boundaries [19].

Entrepreneurial competencies: Today’s economic pressure on engineers to be
entrepreneurial motivated authors to stress the value of interdisciplinary team
projects for better preparing engineering students to work in industry [20] or even for
learning to start their own business [21]. This motivation appears to be guided by
ideas about what future workplaces will look like and what industry demands from its
employees [22][23].

Socially aware engineers: Articles that focus less specifically on industry
engagement and collaboration, often cite an imperative to produce engineers
capable of shaping their professional work. For instance, articles with sustainability
as a motivating factor [24][25], concluded that interdisciplinary engineers need to be
capable of handling and integrating environmental, social and economic objectives
into their work through engagement with social scientists or societal groups outside
academia [26]. Authors motivated by ecological sustainability stressed the need for
awareness amongst engineers of social, political, economic, and environmental
constraints [24][27]. They emphasized that IEE should promote this awareness
through real-world problem-solving scenarios and experiences, instead of through
disciplinary learning alone [28].

Improving disciplinary competences: Internal disciplinary benefits of
interdisciplinarity were sometimes prioritized in articles that spell out such benefits in
terms of disciplinary knowledge and understanding, creativity or adaptability [29][30].
Because creativity and adaptability relate to skills such as project management, or
working in teams, from this point of view, included studies rationalize
interdisciplinarity as a useful source for training relevant professional skills
[311[32][33].

These emerging themes show a natural development from traditional engineering
education towards characteristics of CBL. However, where CBL emphasizes the
combination of both entrepreneurship and social awareness, the included studies
appeared to focus on these characteristics independently.

3.2 Emerging themes for IEE teaching

Student participation and group composition: In 16 articles IEE was organized
within a single discipline by bringing in materials from other fields, for instance by
bringing sustainability to a chemical engineering program [34]. This disciplinary
approach is reported to force students to consider multiple perspectives, while a
multidisciplinary teacher team supervises the course. Other programs (n = 37)
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organized interdisciplinary education by having students from different (engineering)
disciplines in one course [27][22][35][36]. Learning to work with specialists from other
fields and learning to know and appreciate methods and vocabulary from these fields
is thus included in the learning goals of these courses.

Pedagogies and scaffolding: Problem-Based Learning (PBL) and Project-Based
Learning (PjBL) are the most often applied educational formats in IEE settings in the
included studies. PBL aims to cover relevant content and procedures through careful
selection of authentic problems that student teams have to study through an enquiry
process [37]. In PjBL student teams are offered open and ill-defined real-world
challenges and problems [25]. Our results thus suggest that PjBL reflects some
characteristics of CBL, however, scaffolding students in both problem formulating
and design should be included as well [7].

Assessment characteristics and procedures: Included studies suggest that
assignments for interdisciplinary education need careful construction, balancing all
involved disciplines and offering tasks that allow active engagement of all team
members [24]. Assessment in general is considered under-developed and under-
discussed in interdisciplinary educational contexts [38][39]. Despite some attention to
measuring levels of integration in student knowledge [40], or for assessment regimes
[22][41], our set of articles, and the extent to which they tackled assessment, raised
specific supporting aspects and challenges with respect to handling assessment in
IEE (see next sections, especially section 3.4).

3.3 Emerging themes for IEE support

Teacher Support: Providing instructors with the right type of training and advice for
preparing and educating students of interdisciplinary work appeared a large concern
in the included studies [42]. This included training teachers in the use of non-
traditional or research-level problems [43], or in concepts of interdisciplinarity [42], or
showing teachers how to structure their role as supervisors to be able to provide
timely interaction with students during open-ended problem-solving [1].

Strategies for enhancing interfaculty relationships to support interdisciplinary
education were often discussed in the included studies [44]. These strategies were
reported to include creating the right external links to business partners, and internal
links amongst different university programs to generate viable interdisciplinary
entrepreneurship programs [45]. Some authors discussed support in terms of
availability of laboratories [46] or a dynamic infrastructure or classroom design
[47][48], as a prerequisite for IEE.

Institutional Barriers: Teachers who lack interdisciplinary experience themselves,
may also lack enthusiasm or willingness to invest in the development of
interdisciplinary programs, often due to poor institutional incentives and rewards for
engaging in it [42]. Nonetheless, some included studies suggested that teachers
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need more institutional training and support to play a role in their student’s
professional skills development [49] and interdisciplinary training [42].

Student support: Student support to communicate, integrate disciplines and utilize
peer-related skills can include the use of evidence-based group structures that best
facilitate interdisciplinary teamwork, including smaller teams or allowing students to
self-select [20]. Students in interdisciplinary contexts are reported to have explicitly
asked for access to asked for access to experts, stakeholders and relevant
resources [47][50].

3.4 Supporting and challenging factors for interdisciplinarity in CBL

Supporting factors: Concepts and theory related to a systems approach provide a
set of resources to help conceptualize interdisciplinarity in more concrete terms.
Such an approach integrates content-based teaching methods with projects and
problems [31][46], and thus provides specific guidance knowledge and skill
requirements, and learning goals, for IEE. Further, involving engineering
professionals [19] can play a strong role in identifying the skills that are relevant for
today’s engineers.

The use of interdisciplinary, real-world problems as a hook for projects was reported
to increase student motivation [25]. Students thus also learn to understand decision-
making processes, and the ambiguity and lack of information that can attend real
projects. Related IEE supporting factors included role-based learning within student
teams [51], and the importance for students to have a good understanding of content
required to handle their project topic [52]. This relates directly to [7], who call for a
rigorous treatment of engineering fundamentals in CBL. One often identified point of
attention was the importance of having students learn about the other disciplines
involved in the course and having them learn to respect these disciplines [53].

To avoid overly difficult problem tasks, research suggests that courses and projects
should provide structures that scaffold students toward success [20]. Scaffolding
structures include problems structured around goals that are achievable in one term,
and assignments defined according to levels of difficulty, with learning goals related
to those levels [52].

Challenging factors: Institutional barriers, such as the disciplinary departmental
structure of colleges and universities, are reported to appear particularly resistant to
interdisciplinary programs [53]. Without shared notions of interdisciplinarity,
engineers will usually find it easier to avoid crossing institutional boundaries, and
confronting institutional conflicts, such as scheduling and time-frame conflicts, by
sticking to a largely mono-disciplinary program [22].

Furthermore, specifications of skills, such as communication and teamwork, reported
in the included articles, often appear vague: “ability to list, give and receive
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feedback” or “acquire language skills to move comfortably across disciplinary
boundaries” [40]. This is a challenge for the CBL-characteristic ‘competence in
sustainability problem solving’. Vague conceptualizations from vision to teaching can
thus lead to unclear learning goals, making it also difficult to translate these into
concrete assessments that measure what they are supposed to.

With respect to teaching, a possible underestimation by curriculum designers of the
level of support students need in interdisciplinary contexts might be a challenge [41].
The project management and teamwork required for modern professional contexts
need targeted instructional intervention and support based on effective group
coordination models that help students to structure and manage their teams [33].

Open-ended problems might be thought to encourage interdisciplinary interaction
and flexible thinking. However [1] report that students, when asked, preferred a
scenario with more detail and clearer signposts on what was required for a result that
would be advanced enough for their educational level. Learning how to cope with the
challenge of interdisciplinary work can be accomplished by starting with less open-
ended, more structured problems, while working towards open-ended and ill-defined
projects (ibid.).

Institutional practices and standards tend to hinder IEE, because funding, tenure and
review processes are oriented along disciplinary lines [53][54]. In this context, the
‘siloed nature’ of academia was mentioned, in several different wordings [53][40].
Apart from the availability of laboratories and related infrastructure [46], these results
suggest teachers do need institutional support to collaborate on course building.
Hence there is a reported overall need for educational management to cultivate the
trait of interdisciplinarity as a legitimate institutional identity and goal [53].

In essence, these challenges represent a tension between the rigorous treatment of
discipline fundamentals and competences in broader and professional skills such as
sustainability problem-solving, systems thinking, and anticipatory, normative,
strategic and interpersonal competence and critical thinking.

4 CONCLUSION

This review applied a conceptual framework of vision, teaching and support, to
synthesize and categorize current results and emerging themes in IEE. Vision,
teaching and support aspects are interrelated, because vision (the ‘why’) needs to be
translated into teaching (‘how’ and ‘what’), which in turn requires support.
Conversely, teaching should aim to meet a guiding vision, and support should be
applied to remove barriers for students and teachers. Our work in this review
intended to support or facilitate practice related to interdisciplinarity in CBL by
collecting and organizing current results in this way.
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Limitations to this study concern uncertainty about the generalizability of included
case results. Many of the results were often derived from only a few studies based
on specific cases. Further, this uncertainty is caused by a lack of conceptual
consistency across studies. We have avoided for the most part drawing
generalizations about what may or may not work extensively across all IEE contexts
in favor of these reporting findings as individual results, and we would caution
against applying these results without due attention to the details of the case
reported. A further limitation likely arises from the search terms used to identify
studies. Our focus on inter-, multi-, and transdisciplinary work left out possibly
relevant work using “cross-disciplinarity” or “cross-disciplinary” as its central terms
for interdisciplinary interaction. Finally, the inclusion criteria of full-text available
studies might have caused a bias in our results.

Evident from this review is that both teachers and students need support and
scaffolding to address real-world sociotechnical problems of which both the problem
and outcomes are open. The CBL-characteristics as reported by [7] all appear with
evidence for educational practice, apart from ‘value-driven’. This should be seen as a
call for curriculum designers to make sure that CBL-assignments include attention
for transformative and integrative values, and short-term and long-term value
creation [12]. Furthermore, the tension between ‘sustainability problem-solving
competences’ and ‘rigorous treatment of engineering fundamentals’ is apparent
because there was no prevalence for either of these characteristics. This relates to
two frequently found lines of thinking found in the literature regarding what students
should learn first: single discipline knowledge [55] or broader skills [20]. By referring
to constructivist theories, the single discipline approach argues that students need to
develop in-depth knowledge of their chosen discipline first before they can construct
knowledge together with others. The other approach prefers a broad overview of the
field before students can understand the depth of their specific field. A third, less
often encountered approach starts with a whole-systems design and subsequently
works in iterative cycles going between disciplinary and broad learning [32][56].

REFERENCES

[1] Gomez Puente, S. M., Van Eijck, M. W., & Jochems, W. M. G. (2013). A sampled
literature review of design-based learning approaches: a search for key characteristics.
International Journal of Technology and Design Education, 23(3), 717-732.
https://doi.org/10.1007/s10798-012-9212-x

[2] Vojak, B., Price, R., & Griffin, A. (2010). Corporate innovation. In R. Frodeman, J. T.
Klein, & C. Mitcham (Eds.), The Oxford handbook of interdisciplinarity (pp.546—-560).
Oxford, UK: Oxford University Press.

[3] Barut, M., Yildirim, M. B., & Kilic, K. (2006). Designing a global multi-disciplinary
classroom: A learning experience in supply chain logistics management. International
Journal of Engineering Education, 22(5), 1105-1114.

[4] Czerniak, C. M. (2007). Interdisciplinary science teaching. In S. K. Abell & N. G.
Lederman (Eds.), Handbook of research on science education (pp. 537-559). Mahwah,
NJ: Lawrence Erlbaum Associates.

/0



[5] Lattuca, L. R., Knight, D., & Bergom, I. (2013). Developing a measure of interdisciplinary
competence. International Journal of Engineering Education, 29(3), 726—739.

[6] Tassone, V., O'Mahony, C., McKenna, E., Eppink, H., & Wals, A. (2017). (Re)designing
higher education curricula in times of systemic disfunction: a responsible research and
innovation perspective. Higher Education, published online.
https://doi.org/10.1007/s10734-017-0211-4

[7] Malmgvist, J., Radberg, K. K., and Lundqvist, U. (2015), Comparative analysis of
challenge-based learning experiences. In CDIO (Ed.), Proceedings of the 11th
International CDIO Conference. Chengdu, Sichuan, P.R. China: Chengdu University of
Information Technology.

[8] Johnson, L. F., Smith, R. S., Smythe, J. T., Varon, R. K. (2009). Challenge-Based
Learning: An Approach for Our Time. Austin, Texas: The New Media Consortium

[9] Klein, J. T. (2010). A taxonomy of interdisciplinarity. In R. Frodeman, J. T. Klein, & C.
Mitcham (Eds.), The Oxford handbook of interdisciplinarity (pp. 15—-30). Oxford, UK:
Oxford University Press.

[10] McNair, L. D., Newswander, C., Boden, D., & Borrego, M. (2011). Student and faculty
interdisciplinary identities in self-managed teams. Journal of Engineering Education,
100(2), 374-396. https://doi.org/10.1002/j.2168-9830.2011.tb00018.x

[11] Authors, 2020

[12] Larsson, J., and J. Holmberg. (2018). Learning While Creating Value for Sustainability
Transitions: The Case of Challenge Lab at Chalmers University of Technology. Journal of
Cleaner Production, 172, 4411-4420

[13] Wiek, A., L. Withycombe, and C. Redman. (2011). Key Competencies in Sustainability: A
Reference Framework for Academic Program Development. Sustainability Science 6 (2):
203-218.

[14] Van den Akker, J. (2003). Curriculum perspectives: An introduction. In J. Van den Akker,
W. Kuiper, & U. Hameyer (Eds.), Curriculum landscapes and trends (pp. 1-10).
Dordrecht, The Netherlands: Kluwer.

[15] Petticrew, M., & Roberts, H. (2006). Systematic reviews in the social sciences. Oxford,
UK: Blackwell. https://doi.org/ 10.1002/9780470754887

[16] Dixon-Woods, M., Agarwal, S., Annandale, E., Arthur, A., Harvey, J., Hsu, R., Katbamna,
S., Olsen, R., Smith, L., Riley, R., & Sutton, A. (2006). Conducting a critical interpretive
synthesis of the literature on access to healthcare by vulnerable groups. BMC Medical
Research Methodology, 6(35). https://doi.org/10.1186/1471-2288-6-35

[17] Gero, A. (2014). Enhancing systems thinking skills of sophomore students: An
introductory project in electrical engineering. International Journal of Engineering
Education, 30(3), 738-745.

[18] Brown, T. (2005). Strategy by design. Retrieved from -
http://www.fastcompany.com/magazine/95/design-strategy.htmlisk!

[19] Lansu, A., Boon, J., Sloep, P. B., & Van Dam-Mieras, R. (2013). Changing professional
demands in sustainable regional development: A curriculum design process to meet
transboundary competence. Journal of Cleaner Production, 49, 123-133.
https://doi.org/10.1016/j.jclepro.2012.10.019

[20] Borrego, M., Karlin, J., McNair, L. D., & Beddoes, K. (2013). Team effectiveness theory
from industrial and organizational psychology applied to engineering student project
teams: A research review. Journal of Engineering Education, 102(4), 472-512.
https://doi.org/10.1002/jee.20023

[21] Klapper, R. & Tegtmeier, S. (2010). Innovating entrepreneurial pedagogy: Examples from
France and Germany. Journal of Small Business and Enterprise Development, 17(4),
552-568. https://doi.org/10.1108/14626001011088723

/1



[22] Cantillon-Murphy, P., McSweeney, J., Burgoyne, L., O'Tuathaigh, C., & O'Flynn, S.
(2015). Addressing biomedical problems through interdisciplinary learning: A feasibility
study. International Journal of Engineering Education, 31(1), 282—-291.

[23] Cobb, C., Hey, J., Agogino, A., Beckman, S., & Kim, S. (2016). What alumni value from
new product development education: A longitudinal s-Study. Advances in Engineering
Education, 5(1).

[24] Apul, D. S., & Philpott, S. M. (2011). Use of outdoor living spaces and Fink's taxonomy of
significant learning in sustainability engineering education. Journal of Professional Issues
in Engineering Education and Practice, 137(2), 69-77.
https://doi.org/10.1061/(ASCE)EI.1943-5541.0000051

[25] Brundiers, K., Wiek, A., & Redman, C. L. (2010). Real-world learning opportunities in
sustainability: From classroom into the real world. International Journal of Sustainability in
Higher Education, 11(4), 308-324. https://doi.org/10.1108/14676371011077540

[26] EI-Adaway, |., Pierrakos, O., & Truax, D. (2015). Sustainable construction education
using problem-based learning and service learning pedagogies. Journal of Professional
Issues in Engineering Education Practice, 141(1).
http://dx.doi.org/10.1061/(ASCE)EI.1943-5541.0000208

[27] Dewoolkar, M. M., George, L., Hayden, N. J., & Rizzo, D. M. (2009). Vertical integration
of service-learning into civil and environmental engineering curricula. International Journal
of Engineering Education, 25(6), 1257—-1269.

[28] Krohn, W. (2010). Interdisciplinary cases and disciplinary knowledge. In R. Frodeman, J.
T. Klein, & C. Mitcham (Eds.), The Oxford handbook of interdisciplinarity (pp. 31-49).
Oxford, UK: Oxford University Press.

[29] Collier, G., Duran, O., & Ordys, A. (2013). Technology-centred teaching methods to
introduce programming and robotic concepts. International Journal of Technology,
Knowledge and Society, 8(6), 121-129.

[30] Lattuca, L. R., Voight, L., & Fath, K. (2004). Does interdisciplinarity promote learning?
Theoretical support and researchable questions. Review of Higher Education, 28(1), 23—
48. https://doi.org/10.1353/rhe.2004.0028

[31] Hayden, N. J., Rizzo, D. M., Dewoolkar, M. M., Neumann, M. D., Lathem, S., & Sadek, A.
(2011). Incorporating a systems approach into civil and environmental engineering
curricula: Effect on course redesign, and student and faculty attitudes. Advances in
Engineering Education, 2(4), 1-27.

[32] lyer, R. S., & Wales, M. E. (2012). Integrating interdisciplinary research-based
experiences in biotechnology laboratories. Advances in Engineering Education, 3(1), 1-
35.

[33] Aquere, A. L., Mesquita, D., Lima, R. M., Monteiro, S. B. S., & Zindel, M. (2012).
Coordination of student teams focused on project management processes. International
Journal of Engineering Education, 28(4), 859-870.

[34] Abbas, A., & Romagnoli, J. A. (2007). Curriculum intensification through integration of
units of study in the chemical engineering degree programme. Education for Chemical
Engineers, 2(1), 46-55. https://doi.org/10.1205/ece06030

[35] Tafa, Z., Rakocevic, G., Mihailovic, D., & Milutinovic, V. (2011). Effects of interdisciplinary
education on technology-driven application design. IEEE Transactions on Education,
54(3), 462—-470. https://doi.org/10.1109/TE.2010.2080359

[36] Kabo J., & Baillie, C. (2009). Seeing through the lens of social justice: A threshold for
engineering. European Journal of Engineering Education, 43(4), 317-325.
https://doi.org/10.1080/03043790902987410

[37] Barrows, H. S. & Tamblyn, R. M. (1980). Problem-based learning: An approach to
medical education. New York, NY: Springer.

72



[38] Boix Mansilla, V., Duraisingh, E. D., Wolfe, C. R., & Haynes, C. (2009). Targeted
assessment rubric: An empirically grounded rubric for interdisciplinary writing. The
Journal of Higher Education, 80(3), 334-353.
https://doi.org/10.1080/00221546.2009.11779016

[39] Richter, D., & Paretti, M. (2009). Identifying barriers to and outcomes of interdisciplinarity
in the engineering classroom. European Journal of Engineering Education, 34(1), 29-45.
https://doi.org/10.1080/03043790802710185

[40] Borrego, M., Newswander, C. B., McNair, L. D., McGinnis, S., & Paretti, M. C. (2009).
Using concept maps to assess interdisciplinary integration of green engineering
knowledge. Advances in Engineering Education, 1(3), 1-26.

[41] Soares, F. O., Sepulveda, M. J., Monteiro, S., Lima, R. M., & Dinis-Carvalho, J. (2013).
An integrated project of entrepreneurship and innovation in engineering education.
Mechatronics, 23(8), 987-996. https://doi.org/10.1016/j.mechatronics.2012.08.005

[42] Gardner, S. K., Jansujwicz, J. S., Hutchins, K., Cline, B., & Levesque, V. (2014).
Socialization to interdisciplinarity: Faculty and student perspectives. Higher Education,
67(3), 255-271. https://doi.org/10.1007/s10734-013-9648-2

[43] Ding, L. (2014). Long live traditional textbook problems!? Constraints on faculty use of
research-based problems in introductory courses. International Journal of Science and
Mathematics Education, 12(1), 123—144. https://doi.org/10.1007/s10763-013-9400-5

[44] Ferrer-Balas, D., Adachi, J., Banas, S., Davidson, C., Hoshikoshi, A., Mishra, A.,
Motodoa, Y., Onga, M., & Ostwald, M. (2008). An international comparative analysis of
sustainability transformation across seven universities. International Journal of
Sustainability in Higher Education, 9(3), 295-316.
https://doi.org/10.1108/14676370810885907

[45] Lehman, M. (2013). An insider's perspective on entrepreneurial program development at
a small and a large institution. Annals of Biomedical Engineering, 41(9), 1889—1898.
https://doi.org/10.1007/s10439-013-0778-6

[46] Rashid, M. (2015). System level approach for computer engineering education.
International Journal of Engineering Education, 31(1), 141-153.

[47] Bocconi, S., Kampylis, P., & Punie, Y. (2012). Innovating teaching and learning practices:
Key elements for developing creative classrooms in Europe. eLearning Papers, 30.

[48] Larsen, P., Fernandes, J., Habel, J., Lehrskov, H., Vos, R., Wallington, O., & Zidek, J.
(2009). A multidisciplinary engineering summer school in an industrial setting. European
Journal of Engineering Education, 34(6), 511-526.
https://doi.org/10.1080/03043790903150687

[49] Lantada, A. D., Bayo, A. H., & Sevillano, J. D. J. M. (2014). Promotion of professional
skills in engineering education: Strategies and challenges. International Journal of
Engineering Education, 30(6), 1525—-1538.

[50] Redshaw, C., & Frampton, I. (2014). Optimising inter-disciplinary problem-based learning
in postgraduate environmental and science education: Recommendations from a case
study. International Journal of Environmental and Science Education, 9(1), 97-110.
https://doi.org/10.12973/ijese.2014.205a

[51] Hamade, R.F. & Ghaddar, N. (2011). Impact of team functions in an introductory design
course on student performance in later design courses: A longitudinal study. International
Journal of Engineering Education, 27(1), 101-113.

[62] Do, Y. (2013). Self-selective multi-objective robot vision projects for students of different
capabilities. Mechatronics, 23, 974-986.
https://doi.org/10.1016/j.mechatronics.2012.11.003

[63] McNair, L. D., Newswander, C., Boden, D., & Borrego, M. (2011). Student and faculty
interdisciplinary identities in self-managed teams. Journal of Engineering Education,
100(2), 374-396. https://doi.org/10.1002/j.2168-9830.2011.tb00018.x

/3



48th Annual Conference, Enschede, the Netherlands

RESEARCH PAPERS

[54] Hasna, A. (2010). Multidisciplinary integrative learning in undergraduate design projects.
International Journal of Continuing Engineering Education and Life-long Learning. 20(6),
495-516. https://doi.org/10.1504/IJCEELL.2010.037789

[55] Bachtold, M. (2013). What do students “construct” according to constructivism in science
education? Research in Science Education, 43, 2477-2496.
https://doi.org/10.1007/s11165-013-9369-7

[56] Blizzard, J., Klotz, L., Pradhan, A., & Dukes, M. (2012). Introducing whole-systems design
to first-year engineering students with case studies. International Journal of Sustainability
in Higher Education, 13(2), 177-196. https://doi.org/10.1108/14676371211211854

74



HOW DOES EER CONCEPTUALIZE ITS OBJECT OF STUDY?
— AN EXPLORATION BASED ON THE “DIDAKTIK TRIANGLE”

J Bernhard'
Linkdping University
Norrkoping, Sweden

J M Case
Virginia Tech
Blacksburg, VA, USA

Conference Key Areas: Niche & novel engineering education topics
Keywords: Engineering education research, Didaktik triangle, research topics,
research traditions

ABSTRACT

The Engineering Education Research (EER) community in Europe and across the
globe has grown considerably in the past decades. There have been some
examinations to date of the research corpus that has evolved, although these have
been predominantly US-based. An emerging literature has started to chart the ways
in which European EER-researchers have a distinctive tradition, which might at least
in part be due to the influence of the European “Didaktik” tradition, which
conceptualizes teaching and learning as fundamentally resting on an interplay
between student, teacher, and the content (subject matter). This is represented in
the “Didaktik triangle” where student, teacher, and the content are placed on the
vertices of the triangle, and the sides of the triangle represent three important
interrelations. This study compares the 50 most highly cited papers in each of the
European Journal of Engineering Education (EJEE) and the US-based Journal of
Engineering Education (JEE). Our analysis of how the topic(s) of the papers related
to the “Didaktik triangle” shows that the conceptualization of the object of study in the
EJEE papers was more related to the “Didaktik triangle” as a whole compared with
papers published in JEE. The results of our study provide further evidence that there
are, indeed, some differences in the aims of American and European EER. A global
community would do well to try to draw on the strengths of both of these traditions.
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1 INTRODUCTION
1.1 European Didaktik tradition

It has been suggested that educational thinking and research in continental and
northern Europe is strongly influenced by the Didaktik? tradition [1, 2] with roots in
the thinking of scholars like Johann Amos Comenius [3] and Johann Friedrich
Herbart [4].

Didaktik can be defined as the science of teaching and learning. Kunzli [5]
summarizes the central questions of Didaktik into:

* What is to be taught and learned (i.e., the content aspect).
* How is “content” to be taught and learned? (i.e., the mediation or method aspect).
» Why is “content” to be taught and learned? (i.e., the goal aspect).

In the Didaktik tradition prominent emphases is given to content and goals — this
means that the what- and the why-questions are are indeed central considerations to
be problematized and studied [2]. As succinctly expressed by Kunzli [5] the
“fundamental question of Didaktik is Why is the student to learn the material in the
first place?” (italics in original). In the Anglo-Saxon curriculum-studies-tradition the
how-question is seen as the core question while, typically, the content is more or
less assumed as given and accordingly the what- and the why-questions are
downplayed [2].

Borrego and Bernhard [6] offer one of the first studies in the literature that survey the
EER field and contrast US and European approaches. They suggest that EER in
Europe is mainly situated in the “Didaktik tradition” while EER in the US is more
influenced by the “Curriculum-studies-tradition”. Thus, in Europe, deliberations
regarding what should be learned and why it should be learned are seen as valid
objects of study and are more in focus than in the US. Furthermore, they argue that
in Europe EER research is to a higher degree problem-led (i.e. a focus on the
problem investigated and the insights generated) while research in the US to a
higher degree has been method-led (i.e. a focus on proper use of methodology and
‘rigorous” research).

Some further indication of how these differences in traditions play out in
contemporary EER can be noted in the descriptions of the PhD-programmes in
engineering education research at Purdue University, USA, and at Linkdping
University, Sweden, that both were initiated in 2004. According to Purdue’s
description they “established ... engineering education doctoral program [in 2004],
for students who wish to pursue rigorous research in how engineering is best taught,
learned, and practiced” (our italics) while Linkdping University presented the
following description: “The subject of engineering education [Ingenjorsvetenskapens
Didaktik] deals with learning, teaching and the formation of knowledge in the art and
science of engineering in a broad sense. In focus stand fields of knowledge of

2 The spelling, ‘Didaktik’ is deliberately used to distinguish the European ‘Didaktik tradition’ from the
English term ‘didactics,” which has a different meaning.
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relevance for the practice of, and education for, the engineering profession and its
relation to the advance of knowledge in techniques and technology. ...” [7, our
translation]. Linkdping University’s description also specifically mentions “selection of
content” (ibid.) among other things. Thus, as demonstrated here a focus on the what,
how and why can be seen in Linkdping’s description, while a strong focus on the
how-question and on “rigorous research” is prominent in Purdue’s description.

1.2 Didaktik triangle

A central tenet in the Didaktik tradition is that organized teaching should be seen as
an active and dynamic triadic relationship (see Fig. 1) — the Didaktik triangle —
between three elements: Subject matter (content), student, and the teacher [e.g. 3,
4, 5].

Content
(Subject matter /
Object of learning)

Classroom intercourse
axis

Fig. 1. Didaktik triangle [5]

As can be seen in figure 1, Teacher, Student (learner), and Content (subject matter,
object of learning) form the vertices of a triangle in this conceptualization of teaching
and learning in a learning environment. The vertices are joined by the Classroom
intercourse axis joining Teacher — Student, by the Experience axis joining Student —
Content, and the Representation axis joining Content — Teacher. Within this model it
is possible to lay different emphasis on different elements of the triangle or treat the
elements in different ways. For example the Experience axis can be viewed in an
“objective” way, i.e. in which ways the Student(s) is supposed to experience Content,
or in a “subjective”, i.e. in which ways the Student(s) actually experience Content [5].

Teacher Student

There exist many extensions to the Didaktik triangle. For example, Novak and Gowin
[8] added Evaluation and Context (i.e. five vertices), Stral3er [9] added Artifacts used
in teaching and learning and constructed a tetrahedron (i.e. four vertices), and Rezat
and Straler [10] related the Didaktik triangle and the tetrahedron to Engestrom’s
elaborate activity system [11]. Kansanen and Meri [12] on the other hand argue for
retaining the basic Didaktik triangle, but suggest that although the Didaktik triangle
should be treated as a whole it is almost impossible to do so in practice. Thus, they
claim, a productive approach to analysis is to focus on each pair (i.e. what are
named axes above). The Teacher — Student pair (i.e. Classroom intercourse axis) he
puts forward as the “pedagogical relation”. Furthermore, in his model, he added a
“Didaktik relation” that is conceptualized as an arrow going from the Teacher
affecting the Student — Content pair (i.e. Experience axis).
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Content Teacher

a. Teacher pedagogicalrelation  Stydent b Content didaktik relation Student

Fig. 2. a) lllustration of the “pedagogical relation” (to the left), and b) the “Didaktik
relation” (to the right) according to Kansanen and Meri [12].

The Didaktik triangle can also be used to conceptualize aspects of the teaching and
learning situation. Marton and co-workers [e.g. 13] distinguish between the intended
object of learning, the enacted object of learning and the lived object of learning. The
intended object of learning consists of the subject matter and the skills that the
teacher or curriculum planner is expecting the students to learn and this would relate
to the teachers view on Content, i.e. representation axis as indicated in fig. 3a. The
enacted object is what it is actually made possible for the student to learn by the
design of the learning environment and would correspond to the teachers enactment
of the Representation and Classroom intercourse axes, while monitoring students’
experience as is indicated in fig. 3b. This mean that our view is slightly different from
the view of Kansanen and Meri [12] presented in fig 2b. Finally, the lived object of
learning is the way students see, understand, and make sense of the object of
learning and the relevant capabilities that the students develop that would
correspond to the Experience axis as indicated in fig. 3c.

Intended Object of Learning Enacted Object of Learning Lived Object of Learning
Subject matter Subject matter Subject matter
(Object of Learning) (Object of Learning) (Object of Learning)

Classroom intercourse
axis C. axis

Classroom intercourse

Classroom intercourse
axis

Teacher Student b Teacher Student Teacher Student

a

Fig. 3. Conceptualization of a) intended, b) enacted, and c) lived object of learning
[13] in relation to the Didaktik triangle

Although the model of the Didaktik triangle simplify what occurs within an
engineering learning environment, in our view, it serves as a simple, but yet powerful
enough, starting point to theorize the dynamics of teaching and learning, as well as
contextualizing and situating the elements in relation to the each others. Thus, the
aim of this study is investigate to what degree the elements of the Didaktik triangle
can be identified in EER journal papers.
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1.3 Previous investigations

Over the last period there has emerged a substantial literature looking at the theory
and methods that are being used in EER. Much of this work has proceeded through
bibliometric analyses of published articles, including investigations of author origins,
citations, and the like (for example Williams, et al. [14] and Wankat, et al. [15]). But
from early on there has also been deliberation in more detail on how EER
researchers are approaching their research. Wankat [16] notes that while the JEE
was starting to publish more articles with a research orientation, that there was still a
very low level of use of educational theory in these. Koro-Ljungberg and Douglas
[17] survey the emerging use of qualitative methodologies in EER and this is further
expanded on by Case and Light [18]. Malmi, et al. [19] do a useful survey of EJEE
articles to complement this literature which had hitherto tended to be quite US-
focused. They show that while EJEE authors do show use of educational theory,
this tends to be limited to a pretty narrow set of explanatory frameworks.

To our knowledge, the only investigation of EER using the Didaktik triangle as an
analytical tool is the work by Kinnunen and Malmi [20]. They have investigated the
papers presented in the EER-track at the SEFI annual conferences in 2010 and
2011. They further extended the Didaktik triangle of Kansanen and Meri [12] ending
up with 13 categories and also applied a multi-layered Didaktik structure consisting
of three layers; Teachers, Organization, and Society. Thus they ended up with 39
categories in their analysis making their results somewhat difficult to compare with
the analysis we have done (See section 2 below). Furthermore they have only
analysed a conference situated in Europe while we are comparing journals based in
Europe and the US.

2 METHODOLOGY

Two of the leading scholarly journals in the field of EER are the Journal of
Engineering Education (JEE) owned by American Society for Engineering Education
(ASEE) and the European Journal of Engineering Education (EJEE) owned by
European Society for Engineering Education (SEFI). Although both journals aim for
an international readership and accept papers internationally we suggest that an
analysis of publications in these journals can reveal differences in research traditions
between the US and Europe as the authors published in EJEE are predominantly
from Europe and the authors that get published in JEE are predominantly from the
us.

In this study we used the Scopus database to retrieve the 50 most cited (according
to Scopus) papers published between 2008 and May 2019 in JEE and EJEE
respectively. The year 2008 was chosen as it was the year that SEFI’s working
group for Engineering Education Research was established. As in some instances
citation rankings were shared, we ended up with 53 papers from EJEE and 51
papers from JEE.
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In this study we aimed to develop an analytical tool based on the Didaktik triangle for
analysing papers with some kind of empirical investigation of teaching and/or
learning in university level engineering education. Papers that were out of scope for
such an analysis — for example review papers, papers discussing the EER-field or
methodology, or papers related to school level engineering education — were
excluded from the analysis. Twelve papers were excluded for EJEE resulting in 41
papers being analysed, while for JEE 22 papers were excluded resulting in 29
papers being analysed.

3 RESULTS

In this preliminary analysis we used six non-exclusive categories related to the
vertices and the axis of the Didaktik triangle. The characteristics that we used for
assigning a paper to one or more of these categories is shown in the table below.
For each category we refer to one paper that exemplifies this approach. For the first
three categories, these are papers that we judged to have a predominant emphasis
on one vertex of the triangle. The following three categories are papers where our
analysis identifies a focus on one of the axes (the pairs). The final category refers to
papers which we judged to represent all the dimensions of the triangle.

Table 1. Categories used in the analysis with examples of a paper classified to
each category

Category Characteristics of the category

Teacher The teacher(s) and some characteristics of the teacher(s) is/are apparently visible in the paper.

Example: Borrego, M., Froyd, J. E., & Hall, T. S. (2010). Diffusion of Engineering Education
Innovations: A Survey of Awareness and Adoption Rates in U.S. Engineering Departments.
Journal of Engineering Education, 99(3), 185-207.

This study asked engineering department chairs in the US about their awareness of some
common innovations in engineering education and to what extent any of these have been
implemented in the department. The department chairs are seen, in this study, as being a
representative for what is happening in the department. As this study is only focusing on the
department chairs’ awareness and his/her knowledge of teachers’ adaption of innovative
curricula within the department we categorise this paper in the teacher category.

Student The student(s) and some characteristics of the student(s) is/are apparently visible in the paper.
Example: Marra, R. M., Rodgers, K. A., Shen, D., & Bogue, B. (2009). Women Engineering
Students and Self-Efficacy: A Multi-Year, Multi-Institution Study of Women Engineering Student
Self-Efficacy. Journal of Engineering Education, 98(1), 27-38.

This study sought to characterize US women engineering students’ self-efficacy (i.e. a person’s

belief in his/her own capabilities). As neither the relation to teachers nor content is explicitly
discussed we categorise this paper in the student category.

Content Content (Subject matter, object of learning) — i.e. the knowledge, values, and skills students are
supposed to learn — is apparently visible in the paper.

Example: Male, S. A., Bush, M. B., & Chapman, E. S. (2011). An Australian study of generic
competencies required by engineers. European Journal of Engineering Education, 36(2), 151-
163.

The views of established engineers on which generic competencies were seen as most
important for engineering work have been studied. As this paper discusses the the knowledge
and skills that are seen to important for the students to learn it is categorized as content.
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Table 1. Continued

Category Characteristics of the category

Teacher— Some topic related to the Teacher—Student—relationship is apparent in the paper. Interactions
Student with some proxy for the teacher, such as lab-instructions, are included in this category as these
(Classroom | are designed by the teacher.

intercourse | Example: Vogt, C. M. (2008). Faculty as a Critical Juncture in Student Retention and

axis) Performance in Engineering Programs. Journal of Engineering Education, 97(1), 27-36.

This paper addresses the importance of university teachers for the classroom climate and the

development of students’ self-efficacy, academic confidence, sound learning behaviours and
performance. Thus the paper is categorized as related to the teacher — student relationship.

Student— Some topic related to the Student—Content—relationship is apparent in the paper. It could, for

Content example, be how students have learned or experienced the content, but it could also be

(Experience | Students’ views on the content.

axis) Example: Daly, S. R., Yilmaz, S., Christian, J. L., Seifert, C. M., & Gonzalez, R. (2012). Design
Heuristics in Engineering Concept Generation. Journal of Engineering Education, 101(4), 601-
629.

This paper presents a study of how engineering students and practitioners generated concepts
and used a collection of design heuristics to explore design spaces. Thus students’ (and
practitioners) relation to content is explored in this paper.

Content— Some topic related to the Content—Teacher-relationship is apparent in the paper. It could, for
Teacher example, be the teacher’s view on content, but also how the teacher represents or selects

(Represen- | content.

tation axis) Example: Ahern, A., O'Connor, T., McRuairc, G., McNamara, M., & O'Donnell, D. (2012).
Critical thinking in the university curriculum — the impact on engineering education. European
Journal of Engineering Education, 37(2), 125-132.

This paper investigate how teachers in different disciplines define critical thinking and how they
say they teach critical thinking in their courses. Thus the paper discuss how teachers think
about content.

All Example: Carstensen, A.-K., & Bernhard, J. (2009). Student learning in an electric circuit theory
categories course: Critical aspects and task design. European Journal of Engineering Education, 34(4),
389-404.

This study is an example of design-based research where the authors, in the context of an
electric circuit theory course, deal with teachers’ intended objects of learning, the enacted
objects of learning through the design of tasks, and students’ resulting lived object of learning.
Thus all categories are explored in this paper.

Figure 4. shows overall counts for the prevalence of the six categories across the
papers that were analysed. A few conclusions are immediately apparent. Firstly,
papers in both journals show a marked emphasis on considerations pertaining to the
student. The EJEE papers show significantly more representation of matters relating
to the teacher and to content, and also of the various ‘pair’ relations in the Didaktik
triangle. These observations will be further unpacked in the section to follow.

4 DISCUSSION

This study is one of the first explorations using the Didaktik triangle as an analytical
tool for investigating the topics in EER related to teaching and learning. This study
demonstrates that this is a feasible method for analysing or conceptualizing EER, but
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also as a potentially valuable model to be used in discussion about teaching and
learning.

The results of this study further corroborates the suggestion by Borrego and
Bernhard [6] that there are some differences between European and US research
tradition, at least if the journals EJEE and JEE are taken as representatives for each
tradition. Treatment of Content and the Teacher, and addressing the Didaktik triangle
as a whole seem to be more predominant in EJEE. This is not a surprise as this
corresponds to the differences seen in other areas of education [1, 2].
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Fig. 4. Prevalence of the six different Didaktik triangle related categories in analysed
papers.

The more frequent treatment of the Didaktik triangle as a whole can be taken as an
indicator of more holistic thinking in Europe, but turned the other way around it could
alternatively indicate that papers in EJEE are less focused than papers in JEE.
Indeed Kansanen and Meri [12] pointed out that it in practice is very difficult to focus
on the complete triangle. In our view being focused on one dimension of the triangle
might well be a productive approach for research as long as one is aware of the
fuller picture. A global EER-community would do well to understand and to try to
draw on strengths of both traditions.

The Didaktik triangle can also be used in a more meta-level discussion to discuss if
some topics are missing across the spectrum of EER literature. Fig. 4 shows that it is
less common that EER address the Teacher or the Content vertices and it is less
common to address the Teacher—Content pair. Indeed, Holmberg and Bernhard [21]
used the Didaktik triangle to argue for the need to study teachers’ views on content.

In conclusion then, the findings of this preliminary study suggest that further
engagement with the Didaktik triangle as an analytical approach, a theoretical model,
and a spur for further conversations, could be a valuable addition to the global
deliberations in the field of EER.
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ABSTRACT

Increasing visibility of STEM fields in schools is one way to increase the percentage
of students opting for a STEM study. In the Netherlands there are two ways this has
been implemented. Firstly, students can choose the course ‘Onderzoek en
Ontwerpen’ (O&O; Dutch for Research and Design) which is offered in lower as well
as upper level classes. Alternatively, they can choose the course Nature, Life &
Technology which is only offered in upper level. O&O contains mostly engineering
related subjects and NLT is a combination of science and engineering topics.

Our study shows a quantitative analysis of the study choice after school over a ten-
year period of students with O&0O (n=4.936) or NLT (n=27.397) comparing with the
full cohort (n=331.602). We find that O&O effects study choice substantially, while the
effect is less strong for NLT. Zooming in on female students, their participation in O&O
(34%) and NLT (44%) at school are high compared to what we find in typical scientific
engineering programs. In the 2010-2013 period we see many female O&O students
opting to study Medicine, whereas the 2014-2019 period shows a substantial increase
in female O&O students entering science and engineering programs.
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1 INTRODUCTION

Stimulating students to opt for a study path within the STEM fields (Science,
Technology, Engineering, Mathematics) is still necessary in order to, finally, increase
their participation on the labour marked in these fields. STEM related programs at
secondary schools is one of the steps we can take [1]. Within this framework, up to
now 95 Dutch schools (15% of all schools with A-level examinations) have
implemented engineering in their schools by an extra course called Onderzoek en
Ontwerpen (O&O; Dutch for Research and Design). The number of these so-called
Technasia is still growing. A rerun of our analysis in 2015 [2] over a ten year period
instead of five years has been conducted. It shows a consistent pattern when zooming
in on the study choice at our university, with a five times higher number of O&O
students in our dataset. O&O students enrol more often in Design and Construction
Engineering Programs compared to regular students. This result triggered us to look
at Nature Life & Technology (NLT) as well. NLT is a similar STEM related program at
Dutch secondary schools. This interdisciplinary NLT subject [3] is given in addition to
the regular courses in physics, mathematics, chemistry and biology at 246 (46%)
schools.

Looking at our own bachelor influx, it only shows a limited picture of the study choice
of both student groups. Therefore, to gain insight into whether these educational
innovations really contribute to increasing the intake into technical programmes in the
Netherlands, we have looked at examination cohorts over the period 2010 to 2019
across the country.

1.1 Background O&O and NLT programs

In 2004 the Technasium Foundation started a new type of school profile called
Technasium. Technasium schools offer O&O from Grade 7 to 12 (age 12-18). The
foundation was initiated by two parents who had more challenging STEM education in
mind for their children. NLT exists from 2007 at schools and is only taught in upper
secondary education, Grade 10 to 12 (age 15-18). This subject was developed as a
national initiative in order to create more coherence between the individual STEM
courses. Both interdisciplinary initiatives at secondary school level are a response to
the need for more integrated and interdisciplinary STEM approaches. Even though
they are not compulsory, a majority of the secondary schools engage in either of these
two initiatives [4]. It has required large efforts at the schools in developing the new
subjects, selecting or writing course materials, teacher training and communication
with the world of science and technology outside the schools [2]. The quality of both
subjects is supported by audits that zoom in on both the course materials and the
implementation. Because these innovations have been embedded in Dutch education
for (almost) 15 years, we are now able to provide a realistic picture of the effects on
the STEM related study choice of students with either an O&O or NLT background.
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1.2 Features of the O&0O and NLT programs

Both subjects pursue similar goals and have a set-up in which different course
contents and skills are combined in projects (O&O) or modules (NLT). The main goals
of O&O are (1) to prepare students for studies and employment in STEM fields and
(2) to encourage students to develop into competent designers or researchers. O&0O
is an addional subject which is scheduled 4 hours per week from grade 7 to 12.
Throughout their school career students work as a team on real assignments of
companies or other organisations. The O&O teacher searches for assignments at
companies in the neighbourhood. The student teams than work independently using
a prestructured project format and dedicated workplace facilities. Many parts of their
teamwork have to be structured by the teams themselves. Their teacher has a
coaching role. The final assignment, mostly in pairs, connects with a university
research theme with access to some university facilities and a consultant that they can
contact. The main goals of NLT are to (1) increase the attractiveness of STEM study
programs and (2) to show the connections between the individual science subjects.
To achieve this, the examination programme focuses on four characteristics:
interdisciplinarity, study and professional context, the interaction between technology
and natural science and the relationship between mathematics and natural science.
NLT is scheduled 2 hours per week from grade 10 to 12, being one of the STEM
options students can select in their upper secondary school profile. As with O&O,
teamwork is also important in the NLT context. In addition, NLT also has an individual
component because students have to do tests as well. Asking the students what they
think of the subject, O&O students appreciate the freedom and independence within
the subject whereas NLT students appreciate the structure and depth of NLT [5].

The subjects intend to offer attractive interactive STEM education at school and
simultanously intent to increase the students interest in technique. How to explain
study choice effects, if any, is complex. In literature we found among others
contribution to attitude change and increasing motivation. For example, Vossen et al.
[6] found that O&O students had more positive attitude towards doing research and
design activities than regular students and appeared to find doing design activites
more enjoyable than doing research activities. Kolmos et al. [7] found that intrinsic
motivation is one of the most dominant factors to attract more engineering students.
Their study concerned personal experiences and feelings in relation to engineering
related activities. Furthermore, Dutch (Technical) Universities act as partners in
networks with secondary schools, e.g. by supporting O&O students in their final
assignments, by developing NLT modules on frontier STEM subjects and via teacher
training programs.

1.3 Female students

An additional goal of the innovations at secondary schools is to raise the number of
female students choosing science and enigineering career paths. In western countries
it is well known that girls no longer lag behind boys when it comes to educational
achievements [1]. In the Netherlands, girls attain on average a higher educational level
at the end of their school career than boys even in STEM related courses if chosen.
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However, in general they still do not opt that much for STEM related bachelor
programs in higher education. In order to increase the STEM related workforce, we
need the female students as well.

The practical experience and hands-on exercises with real-life examples in the O&0O
and NLT courses is very promising to change the attitude and motivation of female
students as is also mentioned in the Microsoft study [8] as second and fourth important
driver to sustain girls interest in STEM. Additionally, bringing girls into contact with
female role models, preferably from the very young age, has proven to be effective in
getting them interested in technique [9].

1.4 Research questions

Considering the promising STEM related aspects of the O&O and NLT subjects for
both male and female learners, we expect higher influx numbers for STEM related
studies at Dutch universities. We expect higher numbers in engineering studies for
O&O students and higher numbers in science related studies for NLT students.
Additionally, the courses have been offered for quite a number of years. Over the years
they have been improved and adapted where necessary, giving them a permanent
place in Dutch education though not at all Dutch schools. This offers us the opportunity
to see variations in what studies are chosen by students from the different school types
over a ten year period.

The research questions in this study are:

(1) Do O&O students opt for science and engineering studies more often than
regular students? (sub-question: Do more female student select science and
enigineering studies?)

(2) Do NLT students opt for science and engineering studies more often than regular
students? (sub-question: Do more female students select science and engineering
studies?)

(3) What are the differences (if any) between the study choice in terms of sector of
interest of O&O students compared to NLT students?

(4) Have there been any changes in the study choice in terms of program choice of
both O&O and NLT students in the last ten years?

2 METHODOLOGY
2.1 Data source

A large national dataset was obtained as a pivot table in Excel from Platform Talent
for Technology?. The Platform has built up a knowledge base with anonymous data
from DUO (Dienst Uitvoering Onderwijs). DUO is a Dutch governmental organization
that collects data on all publicly funded education in the Netherlands. Privacy
considerations are taken into account and outcomes can not be traced back to
individuals.

2 Dutch National Agency for STEM-education and Labourmarket (former STEM-Platform)
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2.2 Data analysis

We consider the full cohorts 2010 to 2019 of pre-university students (VWO). The year
designation means that the diploma was obtained in that year. Most students (90%)
start immediately after graduating from their secondary school, 9% one year later and
1% two or more years later. In the Dutch schoolsystem O&O and NLT courses are
also offered at senior general secondary education (HAVO) that prepares students for
universities of applied sciences. The VWO level prepares for academic studies at
technical and other research-oriented universities. In this study we only look at the
transition from VWO to academic bachelor programs.

At the upper secondary school level students choose a profile. In our study, we zoom
in on those students with Nature & Technology (NT) or Nature & Health (NG) profile,
discarding students from other (non-STEM linked) profiles. Some Technasium schools
also offer NLT. Checking the number of students who had both O&O and NLT (0,4%
of all O&O students), we concluded that this will have no influence on the trends.

To distinguish between science and engineering related programs we use the sector
classification used by DUO. The sectors of interest (based on highest number of
enrolment) are: Technique, Nature, Healthcare and Behaviour & Society. The
remaining sectors are indicated as Other (Economics, Agriculture, Education, Law,
Language&Culture, Cross-sectoral). Because our dataset is based on population data,
we are using Chi Square tests to look at differences in expectations and observations.

3 RESULTS
3.1 Population numerical data

The number of students in our study is shown in table 1. The high percentage of
students with an N-profile within the O&O or NLT group is because these courses are
developed for the N-profile.

Table 1. General numbers and percentages population (total cohorts 2010-2019)
Students N-Profiles

Group Number |Percentage number |% of group total

187.898 |57% of full
92.241 |population
52% of Female

4.896 |99,2% of all 0&0O
1.668 |98,8% of Female
0&0

27.353 (99,8% of all NLT
12.164 |99,8% of Female
NLT

Full population| 331.602
Female 176.607 [53% of full population

All 0&0O 4,936 |1,5% of full population
Female O&O 1.689 34% of all O&O students

AIlNLT 27.397 | 8% of full population
Female NLT 12.184 |44% of all NLT students
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3.2 Transition to university: distribution across program sectors

85% of VWO students opt for a university program. Other students opt for universities
of applied sciences or do not enrol at any (funded) educational institution in the
succeeding year. In figure 1 the study choice of O&O and NLT students for a university
is compared to all students where the programs are categorized into sectors.

Both O&0O and NLT students opt significantly (p<.001) more often for Technique
programs compared to all students. The difference is the largest for O&O students.
NLT students opt slightly more often for Nature oriented programs than all students.
The percentage of O&O students that opt for Nature programs is less compared to all
students. Looking at the female students we see a similar pattern, though the sum of
Technique and Nature is lower than that of the average of the whole O&O group, with
big gains for the healthcare sector enrolling large numbers of female students.

Transition to university (N-profile; 2010-19)
B Technique M Nature M Healthcare m Behaviour & Society ® Other

All (n=160.344) I O/ s 8 6 W 2 3 s
O&O0 (nN=4.153) | O S5 /s R/ 6 6 W 76w
NLT (n=23.095) I /s D O/ 7. I 9 Y
B g 13% 23%
g NN n . 11% . 21%
R0 e 13%  20%

All Female (n=76.526)
Female O&O (n=1.377)
Female NLT (n=9.914)

Fig. 1. Transition to university of O&O and NLT students compared to all students per program sector.

Zooming in on both female O&O and NLT students by making a long term overview,
we see in figure 2 a jump to a significantly (p<.001) higher average percentage
of female O&O students opting for Technique in the 2014-19 period compared to
the beginning years 2010-13. A simultanuous drop can be seen for Healthcare
programs, see also table 2.

60% Female students with N-Profile
40% 0&0 (n=1.377) NLT (n= 9914)
(]
0%
I R I I G
NGNS G\ I SRR
f&@f@f&@@@@@@ @f&f&@@@@f@f@@

Fig. 2. Transition to university of 0&0O and NLT students compared to all students per program sector.
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Table 2. Sector choice Female O&O students with N-profile:
Difference in average percentage periodes 2010-13 and 2014-2019

Average 2010-
Sector 13 Average 2014-19 Difference
Technique 18% 29% +11%
Healthcare 34% 22% -12%

For the female NLT students, we did not find any change at all over the whole period
with a Technique preference at 16% (stdev=1,0%) and Healthcare average at 31%
(stdev=1,6%). Healthcare programs are most favourite followed by Nature related
programs at 20% (stdev=1,2%). The question is what's going on among the female
O&O students, are many of them dropping healthcare in favour of engineering
programs? In our previous study [2] we assumed that O&O girls mainly opt for
medicine, therefore an interesting question is what happened since 20147

3.3 Study choice female O&O students

Figure 3 shows the top three studies of female O&O students within the sectors
Technique and Healthcare where respectively industrial design and medicine as the
most favourite ones. Comparing the enrolment over time with the Technique and
Healthcare line in figure 2, we see a similar pattern. The number of female O&O
students opting for industrial design increases whereas the number opting for
medicine decreases, making a change in preferences as likely explanation.

Female O&O - Technique Female O&O - Healthcare

e=@==|ndustrial design (n=107)
Architecture (n=55) 25%

20% . . . .
Biomedical engineering (n=39)

20%

15%
10% W o
/h..' i

0N

0%

Fig. 3. Top 3 study choice within sector Technique and Healthcare for female O&O with N-
profile.

As an underlying explanation we looked into regional variations. Technasium schools
and nearby universities collaborate on many aspects including, orientation visits,
facilitation of the final assignments of O&O students, parents might work there, and
finally many school students, both male and female, will have a first look at the study
programs at a nearby university. The variation in female students opting for



technique programs turns out to be substantial with the lowest score in the northern
part of the Netherlands (17%) with the University of Groningen nearby, as compared
to regions near one of the Technical Universities: schools near the University of
Twente (28%), near Technical University of Delft (29%) and in the proximity of the
Technical University of Eindhoven (41%). This underlying explanation linked to the
regional educational ecosystem turns out to be a good candidate to explain the jump
in female students we found since 2014, as many schools in high scoring regions
(such as near Delft and Eindhoven) started their Technasium profile around 2007-
2008, delivering their final year students from 2014 onwards.

4 CONCLUSIONS AND DISCUSSION

Based on full cohort data over a period of ten years we showed in this paper that the
STEM related aspects of the O&O and NLT subjects both lead to higher influxin STEM
related studies at Dutch universities. O&O students as well as NLT students opt for
science and engineering studies more often than regular students, where we see a
strong shift to Scientific Engineering related programs for O&O students. NLT students
choose slightly more often Nature oriented programs. Female students show the same
pattern, which means that in particular O&O at schools encourages girls to more often
opt for scientific engineering programs. Furthermore, O&O starts at an earlier age
compared to NLT allowing for a bigger influence on study choice, for example by
building self-efficacy and confidence [6].

However, one jump in numbers does not fulfill our aim to have a more balanced gender
representation in science and engineering programs in the Netherlands. The 31%
female students in the Netherlands choosing such programs is still way behind the
61% of male students doing so. The same pattern can be found for students with NLT
as an exam subject, 35% vs 68%, and for O&O with 44% vs 76%. We do however see
that introducing STEM subjects properly can help make a difference. A more
qualitative analysis of O&O project characteristics and educational practise will help
us to improve our understanding of the differences among schools, while highlighting
what they can do to further interest, attitude and motivation related to STEM study
programs and career opportunities [7], with particular interest into the gender aspects
as the growth potential is high among female students [9]. A further study about the
higher percentage of female students choosing NLT than O&O (44% vs 34%, see
Table 1) is worthwhile. Explanations might be sought in the admissibility and/or in the
content offered. If NLT is offered at a school, all regular students with an N-profile can
choose it. For O&O you have to do the Technasium stream from the 7th grade with a
midterm decision at the end of the 9t grade whether to continue in the upper classes.
We might loose some of the girls here. Analysing the content, overall NLT leans more
towards science while O&O relates to engineering more than to science. Besides the
mainly quantitative approach in this study, limitations in our study are the small
numbers of O&O students in the early years, and the fact that there will be some self-
selection of technique oriented children and/or parents selecting a Technasium school
with O&O on offer. Looking at the future, the regional variations can be analysed in
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more detail with a combination of quantitative and qualitative methods that jointly will
help test more detailed explanations.
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ABSTRACT

Challenge-based learning (CBL) is increasingly on the higher education agenda. In
many universities of technology in the Netherlands, CBL is being implemented in
engineering education programmes to prepare students to work on authentic,
complex, societal challenges, provided by partners from outside of the university.
Making societal impact is an important driver the introduction of CBL, however, on a
more pedagogical level, little is known about the motivational aspects of student
learning in these challenge-based transdisciplinary courses.

In CBL, self-regulation has a prominent role. In many instances, students are asked
to make motivated decisions about their development trajectory within the CBL
process. One of the first decisions students have to make in these type of learning
configurations is what challenge they will work on. The structure of CBL courses
often involves several partners that all present their own challenge to the students.
Students then have to opt for one of these challenges during the course. In this
research, we aimed to get a more detailed understanding of what students consider
to be important reasons to choose a particular challenge at the start of a CBL
course.
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In this research, we investigated the argumentation students used in the process of
applying for a challenge in two different CBL courses. The results showed five
categories of choice arguments: Content of the challenge, challenge characteristics,
personal goals, personal background and collaboration. With a better understanding
of student argumentation, expectation and motivation in CBL education, we
contribute to the further advancement of transdisciplinary engineering education.

1 INTRODUCTION
1.1 The ‘challenge’ in challenge-based learning

STEM education is one of the most important tools for universities of technology to
make impact on society. Not only by sharing the accumulated knowledge in these
institutions with new generations of students, but also by enaging the students with
the challenges in society. Universities are becoming learning ecosystems, where
students engage in collaborations with societal partners that bring STEM education
into their own organisations [1]. The complex challenges of today demand new
approaches that organisations cannot come up with by themselve. In recent years,
challenge-based learning (CBL) has arisen as a pedagogical structure for the
collaborations between universities and a varied group of societal partners [2].

CBL makes an explicit connection between education and society and therefore fits
the current strategic ambitions of many universities in the Netherlands to focus on
impact for society. Central to CBL is the idea of learning evolving around a
‘challenge’ that connects societal needs to the problem solving attitudes of
engineering students. A challenge in this type of education stems from a societal
context, is inherently multidisciplinary and requires solutions to be collaboratively
developed [3]. Without a doubt is CBL rooted in problem-based learning, where CBL
deals with a more specific shape of ‘problem’ [4].

The exploration and identification of the project within the challenge is a crucial part
of the CBL framework in STEM education. Not only does this step in the CBL
process explicitly connect students’ learning to (potential) professional practice in
their future professional careers, it also highlights a student-centred approach [5].
Students to a large extend define within a challenge what their role and contribution
to the problem solving process can be, by synthesising different sources of
knowledge input, deal with the unknowns and defining the best approach
(disciplining interdisciplinarity). They are confronted with the complexity and
openness of a societal challenge and learn that there is not one solution. In line with
self-determination theory, this is one of the core motivational aspects of CBL, as it
offers autonomy, competence and relatedness to students to make their own
decisions based on their interests [6].
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The student-centred approach in CBL leads to openness and uncertainty on the side
of the organisers of the course. Students may select topics that go beyond the
expertise of the teachers or it is even unclear which expertises might be involved in
looking for a solution. At the same time, CBL courses make use of real-life
challenges, which means that public or private partners come into the university to
collaborate with students. These partners find it hard to define a challenge, because
they do not know what is important for the student learning process. Similarly,
teachers look for new approaches to guide students in CBL and are in need of a
better understanding of student motivation in this specific context [7].

The body of knowledge around challenge-based learning is growing. There are some
studies that focus on the performance effects of challenge-based learning, but more
detailed studies on the learning processes of students are lacking. These studies are
important to inform and improve the teaching and learning framework of CBL and
offer structure to all participants in these type of courses: teachers, partners and
students.

1.2 Aim and research questions

In this research, we are interested to add more detail to the studies in CBL so far, by
focussing on the first stage of choosing the challenge in the course. We do this by
analysis of motivation letters in two different CBL courses at the University of
Technology Delft (TU Delft). In these motivation letters, students had to put forward
the argument why they wanted to take part in one of the challenges offered in the
course. By analysing these arguments, we aim to answer two research questions:

1. What is the nature of the arguments that engineering students use to choose
a challenge in a CBL course at the university?

2. What are the most important arguments for students to choose a challenge in
a CBL course at the university?

By gaining a more detailed understanding of what drives students in these courses,
we offer teachers and partners in these courses tools to navigate the student-centred
approach. Additionaly, we aim to contribute to the further development of CBL
learning and teaching frameworks in the future.

2 METHODOLOGY
2.1 Two cases

In this study, two cases were selected that fitted the CBL framework:

1. As part of the joint degree master MSc Metropolitan Analysis, Design and
Engineering (MADE) by the TU Delft and Wageningen University & Research
(WUR), students engage in a ‘Living Lab’ course that evolves around a
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challenge arising from the Amsterdam Metropolitan Region. Over 7 months,
students work in teams to develop a solution in co-creation with citizens,
knowledge institute and private and public partners that fits their challenge

and its context.

2. In the Joint Interdisciplinary Project (JIP) at the TU Delft, is a 2" year elective

master course of 10 weeks, open to all second year students before they
graduate. The focus is on solving a company case, usually from the R&D
department, in interdisciplinary groups and guided by a company coach, an
academic coach and a course coach. The team is (depending on the
company) partly embedded within the company and stimulated to consult
professionals and academic experts to come up with innovative concept
solutions in engineering design.

To set out the specifics of these courses next to each other, we use the framework
as proposed by Malmqvist and Radberg [3] in their comparative study of challenge-
based learning experiences (Table 1).

The two most eminent differences between the courses are, firstly, the backgrounds

of the students. Although both courses have a multidisciplinary focus and attract

students with different BSc backgrounds, in the Living Lab course students have had

a joint first year of their MSc programme, while in JIP students that took part did not
know each other and originate from different programmes. Secondly, the Living Lab
students were involved in their challenges part-time over 7 months while the JIP
students were involved in their challenges full-time over 10 weeks.

Table 1. Table Comparison of Challenge-based Learning Experiences

JIP

Living Lab MADE

Student year

Year 5 (MSc year 2)

Year 5 (MSc year 2)

Learning outcomes

The ability to integrate (high
quality scientific and practical
technological) knowledge
from different disciplines to
solve complex problems and
asses the impact of of the
proposed solutions on
society.

An important part is the
collaboration, communication
and reflection on
interdisciplinary teamwork
and professional and
personal development.

After following the Living
Lab course, students
will be able to design,
facilitate and report
upon a process of co-
creation that aims at the
design of an innovative
product, relevantin a
real-life, urban setting
and contributing to
enhanced urban
sustainability in the
Amsterdam Metropolitan
Area.

Student backgrounds

Diverse cultural and
disciplinary BSc and Master
backgrounds. Mostly in
Engineering and Science.

Multidisciplinary MSc
programme “MADE” /
Diverse BSc
backgrounds
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Taught topics

Focus on Professional skills
development. Very brief
introductory activities. E.g. on
value based innovation,
ethics, product design,
teamwork, scrum, legal and
financial issues.

Co-creation and
experimentation in
sustainable urban
development.

Typical project

Students are asked to
envision airtravel of the
future. Sustainable energy
sources, materials
improvements, but also
different ways of travelling
and demographic/economic
developments impact the
way the world changes.
Therefore it changes the
business case of companies
offering numerous possible
paths for technological or
other developments to
change airtravel

Students are asked to
design an intervention
on the festival ‘DGTL’
that is aiming to become
the first ‘circular’ festival
in the world. Students
are confronted with the
challenges of circularity
and think of ways to
analyse the problems
and design solutions.

Magnitude

15 ECTS

25 ECTS

Perspective

Global engineering topics

Metropolitan region
(local)

Content focus

Sustainability, climate
resilience, logistics, energy,
health, mobility, digitisation,
robotics

Mobility / climate
resilience / food /
circularity / energy /
digitisation

Teacher team

Partners, project-dependent
(academic) coach and
course coordinator.

Partners, project-
dependent (academic)
coaches and three
course coordinators

Students/year
(estimated)

50

35

2.2 Motivation letters

In the two CBL cases studied here, motivation letters were used to have students
provide an argumentation to choose a specific challenge. In both cases/courses,
students chose a top 3 of their favorite challenges and wrote down the arguments of
why these challenges fit their learning trajectory.

Looking at motivation letters offers a perspective on student motivation.
Undoubtedly, students aim their motivation letters to the context that they are
applying for and therefore the letters are written with a certain strategic aim in mind.
The assignment to write a motivation letter in itself might activate specific schemata
associated with selection procedures. However, the combination of motivation letters




in a complete student cohort can say something about the consideration and
expectations that students have at the start of the course. It gives a detailed insight
in students’ perceptions of the challenges.

2.3 Open coding

The approach to the coding process has been realised as follows. The Living Lab
case was used to establish a grounded set of codes through a process of open
coding. In the initial grounded method of coding we tried to keep the coding across
the two cases the same as much as possible. Where an argument did not fit the
existing set of codes, a new code was added to the group.

Different arguments may have been used by one person and were coded
accordingly. It means multiple excerpts with different codes may be from the same
person. E.g. If in one motivation letter for choice A, I’'m enthusiastic for the
sustainability aspect and for choice B, logistics are the argument, both of them will
be scored as being present for that student.

36 motivation letters were coded for the Living Lab course, resulting in 606 excerpts
and the application of 881 codes. 35 motivation letters were coded for the JIP
course, resulting in 253 excerpts and the application of 619 codes. The size of the
motivation letters varied between 1-3 A4 pages in case of the Living Lab course and
1-2 A4 pages in case of the JIP course. The samples taken from both cases are
therefore comparable in size. Cross-validation has not been realised yet.

3 RESULTS
3.1 The nature of arguments

Table 3 shows all arguments found by the process of open coding in both cases and
how many times a certain code was used throughout the motivation letters. In total,
47 differently coded choice arguments were found. Between these codes, arguments
had commonalities and we distilled five different groups of argumentation:

e Content of the challenge: the topics or themes that the challenge evolves
around.

e Challenge characteristics: the uniqueness of the learning environment, the
possibilities for experimentation or the professional environment.

¢ Personal goals: learning new skills, gaining new skills, experiences or career
perspectives.

e Personal background: usually previous observations/lessons learned in
work context, educational context, or in the homecountry context of the
students.

e Collaboration: working together with groups from other disciplines, working
together with different stakeholder groups.
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3.2 The importance of arguments

To answer research question 2, we looked at the frequency with which certain
arguments appeared in the motivation letters of students. Tables 4 and 5 show the
ten most frequently mentioned arguments for each case. Five arguments appeared
in both cases with a high frequency: Previous experience (327 times), collaboration
different actor groups (121 times), learning new skills (96 times), sustainability (157
times) and societal impact (97 times). In this section, we discuss these choice
arguments more elaborately.

Students in the Living Lab course mentioned ‘previous experience’ more often than
any other argument (83 times). In a further investigation of the excerpts in the coding
process, we created more specific codes to split this argument up into: BSc
experience, existing skills, work experience, elective courses, curriculum courses
and extracurricular activities. Students refered mostly (27 times) to BSc experience
within these categories. Relating this to self-determintation theory, students show
‘competence’ based on their previous experiences in similar situations and use this
as an argument for why they are capable of engaging with a specific case in their
motivation letters [6]. Knowledge on the backgrounds of students, therefore, remains
crucial in the selection process of challenges.

Table 2. Ten most frequently mentioned choice arguments in the Living Lab
case.

Name Argument Mentions
category
Previous experience Personal 83
background
Collaboration different actor | Collaboration 51
groups
Citizen participation Content 44
challenge
Possibilities for Challenge 42
experimentation / Testing characteristics
Learning new skills Personal goals 41
Sustainability Content 36
challenge
Possibilities for design Challenge 32
solutions characteristics
Societal impact Personal goals 27
Circularity Content 26
challenge
Complexity challenge Challenge 23
characteristics
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Table 3. Ten most frequently mentioned choice arguments in the JIP case.

Name

Argument category

Mentions

Previous experience

Personal background

167

Sustainability

Content challenge

121

Collaboration with students
with a different disciplinary

Collaboration

89

background
Personal ambitions Personal goals 84
TeChnology Content challenge 79

Professional environment

Challenge characteristics

71

Collaboration different actor
groups

Collaboration

70

Societal impact

Personal goals

70

Impact at case-owner

Personal goals

70

Learning new skills

Personal goals

55

Students want to learn new skills during the course and use this as a choice
argument for challenges also. They use this argument roughly as often as ‘societal
impact’, the other argument in the ‘personal ambition’ category. Both these choice
arguments show the expectations that students have of what they might gain from
the challenge. Similarly, many students describe they want to gain experience in
‘collaboration with different actor groups’ (121 times). One of the students describes
this as follows: “Considering the different types of stakeholders (e.g. visitors, the
municipality, energy providers), | would like to be able to work together with them
and to have a role in maintaining this contact between all these different parties.” In
both cases, many students describe this need for a broad collaboration to be able to

engage in the challenge.
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Table 4. Frequency mentions of arguments in both case-studies.
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When we look at what particular content the students are attracted by it shows that
particularly the argument of sustainability is listed as main argument (157 times) in
both cases. Additionally, students frequenly mention technology developments (79
times) and entrepreneurship/business (47 times) in the JIP and to a lesser extent in
the Living Lab case. Students in the Living Lab course particularly mention circularity
(26 times), and knowledge transfer (22 times), a topic that does not occur among the
JIP students. A difference that can be explained by the shared background of the
Living Lab students in a learning environment in which circularity is a common topic.
Sustainability is often mentioned together with other codes, because students have
experience with it, want to make an impact or have an ambition to develop these
skills. In JIP sustainability relates in particular to the technological development.
Sustainability is a broad notion and in this context needs further investigation to
figure out the exact meaning for students in their choice arguments, the result
illustrates a shared urgency among students to engage with sustainability
challenges.

4 DISCUSSION
4.1 Implications of results and suggestions for further investigation

In this study, we have established an understanding of choice arguments and in this
section we want to have a look at what practitioners of CBL can take from this study
to apply in their own practice and how researchers can further investigate it.
Teachers and partners considering the way to introduce the challenges to the
students, could incorporate the five categories in order to connect to what drives
students to engage in these courses and to show them different perspectives on the
challenge. This study showed that it is not only important to pay attention to the
content of the challenge, but also the opportunities it offers for learning new skills,
collaboration with different actor groups and the societal impact students could
make. Students are looking for what a challenge has to offer to their learning
trajectories and for ways to make an impact on society.

Further research should look into this connection between the choice arguments and
the learning trajectories of students in the course. CBL offers students the
opportunity to make decisions about their own learning trajectories and this study
offers insight in the expectations of students. A next question might be if these
expectation are met by CBL and to what extend. We realise that a study, such as we
have conducted here, that brings all choice arguments of students together to
establish one common profile, does not allow to stress the uniqueness of personal
arguments and backgrounds that impact decision making. However, students use
different categories of choice arguments and it might be possible to discover patterns
of decision making. In this study, we showed that certain choice arguments appear in
close connection to each other and this needs further investgiation. We expect that it
might be possible to distinguish different way of argumentations within this group of
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students and this way, we might be able to establish several profiles of choice
arguments.

4.2 Conclusions

The main purpose of our study was to gain a more detailed understanding as to what
motivates students in their choice for a specific challenge in the context of challenge-
based learning. We investigated the choice arguments used in motivation letters of
71 students in two different case-studies and found 5 categories of argumentation
that students use: Content of the challenge, challenge characteristics, personal
ambition, personal background and collaboration. Several choice arguments play a
role in the decision that students make about the challenge simultaneously. At the
same time, this study also shows that some arguments are more prevalent in this
generation of students. Not only do students look at how they can contribute to a
challenge based on previous experiences in education, work and personal life, they
also value which skills they might gain in the process. More so do they show a
connection to challenges that deal with sustainability and collaboration and that
ultimately offer these students a way to make an impact on society. This sheds new
light on a generation of students that feels a responsibility to engage with societal
challenges and is growing to become the engineers of tomorrow.

REFERENCES

1. Den Brok, P., Cultivating the growth of life-science graduates: On the role of
educational ecosystems. 2018, Wageningen: Wageningen University &
Research.

2. Graham, R., The Global State of the Art in Engineering Education. 2018,
Massachusetts Institute of Technology (MIT): Cambridge, MA.

3. Malmquist, J., K.K. Radberg, and U. Lundqvist. Comparative analysis of
challenge-based learning experiences. in Proceedings of the 11th International
CDIO Conference, Chengdu University of Information Technology, Chengdu,
Sichuan, PR China. 2015.

4. Clegg, J.R. and K.R. Diller, Challenge-based instruction promotes students’
development of transferable frameworks and confidence for engineering
problem solving. European Journal of Engineering Education, 2019. 44(3): p.
398-416.

5. Garay-Rondero, C.L., E.R. Calvo, and D.E. Salinas-Navarro, Experiential
learning at Lean-Thinking-Learning Space. International Journal of Interactive
Design and Manufacturing - ljidem, 2019. 13(3): p. 1129-1144.

6. Ryan, R.M. and E.L. Deci, Self-Determination Theory and the Facilitation of
Intrinsic  Motivation, Social Development, and Well-Being. American
Psychologist, 2000. 55(1): p. 68-78.

7. Zydzitnaite, V., et al. Independent Learning in Higher Education: What is
Important to Students? in The Rural Development: Innovations and
Sustainability. 2013. Lithuania: Aleksandras Stulginskis University.

103



CHOOSING CHALLENGES IN CHALLENGE-BASED COURSES

NL Bohm
Delft University of Technology
Delft, The Netherlands

RG Klaassen
Delft University of Technology
Delft, The Netherlands

PJ den Brok
Wageningen University & Research
Wageningen, The Netherlands

EM van Bueren
Delft University of Technology
Delft, The Netherlands

Conference Key Areas: Challenge based education, Maker projects /
Interdisciplinary education

Keywords: challenge-based learning, learning ecosystems, motivation, decision
making, student-centred approach

ABSTRACT

Challenge-based learning (CBL) is increasingly on the higher education agenda. In
many universities of technology in the Netherlands, CBL is being implemented in
engineering education programmes to prepare students to work on authentic,
complex, societal challenges, provided by partners from outside of the university.
Making societal impact is an important driver the introduction of CBL, however, on a
more pedagogical level, little is known about the motivational aspects of student
learning in these challenge-based transdisciplinary courses.

In CBL, self-regulation has a prominent role. In many instances, students are asked
to make motivated decisions about their development trajectory within the CBL
process. One of the first decisions students have to make in these type of learning
configurations is what challenge they will work on. The structure of CBL courses
often involves several partners that all present their own challenge to the students.
Students then have to opt for one of these challenges during the course. In this
research, we aimed to get a more detailed understanding of what students consider
to be important reasons to choose a particular challenge at the start of a CBL
course.
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In this research, we investigated the argumentation students used in the process of
applying for a challenge in two different CBL courses. The results showed five
categories of choice arguments: Content of the challenge, challenge characteristics,
personal goals, personal background and collaboration. With a better understanding
of student argumentation, expectation and motivation in CBL education, we
contribute to the further advancement of transdisciplinary engineering education.

1 INTRODUCTION
1.1 The ‘challenge’ in challenge-based learning

STEM education is one of the most important tools for universities of technology to
make impact on society. Not only by sharing the accumulated knowledge in these
institutions with new generations of students, but also by enaging the students with
the challenges in society. Universities are becoming learning ecosystems, where
students engage in collaborations with societal partners that bring STEM education
into their own organisations [1]. The complex challenges of today demand new
approaches that organisations cannot come up with by themselve. In recent years,
challenge-based learning (CBL) has arisen as a pedagogical structure for the
collaborations between universities and a varied group of societal partners [2].

CBL makes an explicit connection between education and society and therefore fits
the current strategic ambitions of many universities in the Netherlands to focus on
impact for society. Central to CBL is the idea of learning evolving around a
‘challenge’ that connects societal needs to the problem solving attitudes of
engineering students. A challenge in this type of education stems from a societal
context, is inherently multidisciplinary and requires solutions to be collaboratively
developed [3]. Without a doubt is CBL rooted in problem-based learning, where CBL
deals with a more specific shape of ‘problem’ [4].

The exploration and identification of the project within the challenge is a crucial part
of the CBL framework in STEM education. Not only does this step in the CBL
process explicitly connect students’ learning to (potential) professional practice in
their future professional careers, it also highlights a student-centred approach [5].
Students to a large extend define within a challenge what their role and contribution
to the problem solving process can be, by synthesising different sources of
knowledge input, deal with the unknowns and defining the best approach
(disciplining interdisciplinarity). They are confronted with the complexity and
openness of a societal challenge and learn that there is not one solution. In line with
self-determination theory, this is one of the core motivational aspects of CBL, as it
offers autonomy, competence and relatedness to students to make their own
decisions based on their interests [6].
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The student-centred approach in CBL leads to openness and uncertainty on the side
of the organisers of the course. Students may select topics that go beyond the
expertise of the teachers or it is even unclear which expertises might be involved in
looking for a solution. At the same time, CBL courses make use of real-life
challenges, which means that public or private partners come into the university to
collaborate with students. These partners find it hard to define a challenge, because
they do not know what is important for the student learning process. Similarly,
teachers look for new approaches to guide students in CBL and are in need of a
better understanding of student motivation in this specific context [7].

The body of knowledge around challenge-based learning is growing. There are some
studies that focus on the performance effects of challenge-based learning, but more
detailed studies on the learning processes of students are lacking. These studies are
important to inform and improve the teaching and learning framework of CBL and
offer structure to all participants in these type of courses: teachers, partners and
students.

1.2 Aim and research questions

In this research, we are interested to add more detail to the studies in CBL so far, by
focussing on the first stage of choosing the challenge in the course. We do this by
analysis of motivation letters in two different CBL courses at the University of
Technology Delft (TU Delft). In these motivation letters, students had to put forward
the argument why they wanted to take part in one of the challenges offered in the
course. By analysing these arguments, we aim to answer two research questions:

1. What is the nature of the arguments that engineering students use to choose
a challenge in a CBL course at the university?

2. What are the most important arguments for students to choose a challenge in
a CBL course at the university?

By gaining a more detailed understanding of what drives students in these courses,
we offer teachers and partners in these courses tools to navigate the student-centred
approach. Additionaly, we aim to contribute to the further development of CBL
learning and teaching frameworks in the future.

2 METHODOLOGY
2.1 Two cases
In this study, two cases were selected that fitted the CBL framework:

1. As part of the joint degree master MSc Metropolitan Analysis, Design and
Engineering (MADE) by the TU Delft and Wageningen University & Research
(WUR), students engage in a ‘Living Lab’ course that evolves around a
challenge arising from the Amsterdam Metropolitan Region. Over 7 months,
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students work in teams to develop a solution in co-creation with citizens,
knowledge institute and private and public partners that fits their challenge

and its context.

2. In the Joint Interdisciplinary Project (JIP) at the TU Delft, is a 2" year elective

master course of 10 weeks, open to all second year students before they
graduate. The focus is on solving a company case, usually from the R&D
department, in interdisciplinary groups and guided by a company coach, an
academic coach and a course coach. The team is (depending on the
company) partly embedded within the company and stimulated to consult
professionals and academic experts to come up with innovative concept
solutions in engineering design.

To set out the specifics of these courses next to each other, we use the framework
as proposed by Malmqvist and Radberg [3] in their comparative study of challenge-
based learning experiences (Table 1).

The two most eminent differences between the courses are, firstly, the backgrounds

of the students. Although both courses have a multidisciplinary focus and attract

students with different BSc backgrounds, in the Living Lab course students have had

a joint first year of their MSc programme, while in JIP students that took part did not
know each other and originate from different programmes. Secondly, the Living Lab
students were involved in their challenges part-time over 7 months while the JIP
students were involved in their challenges full-time over 10 weeks.

Table 1. Table Comparison of Challenge-based Learning Experiences

JIP

Living Lab MADE

Student year

Year 5 (MSc year 2)

Year 5 (MSc year 2)

Learning outcomes

The ability to integrate (high
quality scientific and practical
technological) knowledge
from different disciplines to
solve complex problems and
asses the impact of of the
proposed solutions on
society.

An important part is the
collaboration, communication
and reflection on
interdisciplinary teamwork
and professional and
personal development.

After following the Living
Lab course, students
will be able to design,
facilitate and report
upon a process of co-
creation that aims at the
design of an innovative
product, relevant in a
real-life, urban setting
and contributing to
enhanced urban
sustainability in the
Amsterdam Metropolitan
Area.

Student backgrounds

Diverse cultural and
disciplinary BSc and Master
backgrounds. Mostly in
Engineering and Science.

Multidisciplinary MSc
programme “MADE” /
Diverse BSc
backgrounds
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Taught topics

Focus on Professional skills
development. Very brief
introductory activities. E.g. on
value based innovation,
ethics, product design,
teamwork, scrum, legal and
financial issues.

Co-creation and
experimentation in
sustainable urban
development.

Typical project

Students are asked to
envision airtravel of the
future. Sustainable energy
sources, materials
improvements, but also
different ways of travelling
and demographic/economic
developments impact the
way the world changes.
Therefore it changes the
business case of companies
offering numerous possible
paths for technological or
other developments to
change airtravel

Students are asked to
design an intervention
on the festival ‘DGTL’
that is aiming to become
the first ‘circular’ festival
in the world. Students
are confronted with the
challenges of circularity
and think of ways to
analyse the problems
and design solutions.

Magnitude

15 ECTS

25 ECTS

Perspective

Global engineering topics

Metropolitan region
(local)

Content focus

Sustainability, climate
resilience, logistics, energy,
health, mobility, digitisation,
robotics

Mobility / climate
resilience / food /
circularity / energy /
digitisation

Teacher team

Partners, project-dependent
(academic) coach and
course coordinator.

Partners, project-
dependent (academic)
coaches and three
course coordinators

Students/year
(estimated)

50

35

2.2 Motivation letters

In the two CBL cases studied here, motivation letters were used to have students
provide an argumentation to choose a specific challenge. In both cases/courses,
students chose a top 3 of their favorite challenges and wrote down the arguments of
why these challenges fit their learning trajectory.

Looking at motivation letters offers a perspective on student motivation.
Undoubtedly, students aim their motivation letters to the context that they are
applying for and therefore the letters are written with a certain strategic aim in mind.
The assignment to write a motivation letter in itself might activate specific schemata
associated with selection procedures. However, the combination of motivation letters




in a complete student cohort can say something about the consideration and
expectations that students have at the start of the course. It gives a detailed insight
in students’ perceptions of the challenges.

2.3 Open coding

The approach to the coding process has been realised as follows. The Living Lab
case was used to establish a grounded set of codes through a process of open
coding. In the initial grounded method of coding we tried to keep the coding across
the two cases the same as much as possible. Where an argument did not fit the
existing set of codes, a new code was added to the group.

Different arguments may have been used by one person and were coded
accordingly. It means multiple excerpts with different codes may be from the same
person. E.g. If in one motivation letter for choice A, I'm enthusiastic for the
sustainability aspect and for choice B, logistics are the argument, both of them will
be scored as being present for that student.

36 motivation letters were coded for the Living Lab course, resulting in 606 excerpts
and the application of 881 codes. 35 motivation letters were coded for the JIP
course, resulting in 253 excerpts and the application of 619 codes. The size of the
motivation letters varied between 1-3 A4 pages in case of the Living Lab course and
1-2 A4 pages in case of the JIP course. The samples taken from both cases are
therefore comparable in size. Cross-validation has not been realised yet.

3 RESULTS
3.1 The nature of arguments

Table 3 shows all arguments found by the process of open coding in both cases and
how many times a certain code was used throughout the motivation letters. In total,

47 differently coded choice arguments were found. Between these codes, arguments

had commonalities and we distilled five different groups of argumentation:

e Content of the challenge: the topics or themes that the challenge evolves
around.

e Challenge characteristics: the uniqueness of the learning environment, the
possibilities for experimentation or the professional environment.

e Personal goals: learning new skills, gaining new skills, experiences or career

perspectives.

e Personal background: usually previous observations/lessons learned in
work context, educational context, or in the homecountry context of the
students.

e Collaboration: working together with groups from other disciplines, working
together with different stakeholder groups.
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3.2 The importance of arguments

To answer research question 2, we looked at the frequency with which certain
arguments appeared in the motivation letters of students. Tables 4 and 5 show the
ten most frequently mentioned arguments for each case. Five arguments appeared
in both cases with a high frequency: Previous experience (327 times), collaboration
different actor groups (121 times), learning new skills (96 times), sustainability (157
times) and societal impact (97 times). In this section, we discuss these choice
arguments more elaborately.

Students in the Living Lab course mentioned ‘previous experience’ more often than
any other argument (83 times). In a further investigation of the excerpts in the coding
process, we created more specific codes to split this argument up into: BSc
experience, existing skills, work experience, elective courses, curriculum courses
and extracurricular activities. Students refered mostly (27 times) to BSc experience
within these categories. Relating this to self-determintation theory, students show
‘competence’ based on their previous experiences in similar situations and use this
as an argument for why they are capable of engaging with a specific case in their
motivation letters [6]. Knowledge on the backgrounds of students, therefore, remains
crucial in the selection process of challenges.

Table 2. Ten most frequently mentioned choice arguments in the Living Lab
case.

Name Argument Mentions
category
Previous experience Personal 83
background
Collaboration different actor | Collaboration 51
groups
Citizen participation Content 44
challenge
Possibilities for Challenge 42
experimentation / Testing characteristics
Learning new skills Personal goals 41
Sustainability Content 36
challenge
Possibilities for design Challenge 32
solutions characteristics
Societal impact Personal goals 27
Circularity Content 26
challenge
Complexity challenge Challenge 23
characteristics

110



Table 3. Ten most frequently mentioned choice arguments in the JIP case.

Name Argument Mentions
category

Previous experience Personal 167
background

Sustainability Content 121
challenge

Collaboration with students | Collaboration 89

with a different disciplinary

background

Personal ambitions Personal goals 84

Technology Content 79
challenge

Professional environment Challenge 71
characteristics

Collaboration different actor | Collaboration 70

groups

Societal impact Personal goals 70

Impact at case-owner Personal goals 70

Learning new skills Personal goals 55

Students want to learn new skills during the course and use this as a choice
argument for challenges also. They use this argument roughly as often as ‘societal
impact’, the other argument in the ‘personal ambition’ category. Both these choice
arguments show the expectations that students have of what they might gain from
the challenge. Similarly, many students describe they want to gain experience in
‘collaboration with different actor groups’ (121 times). One of the students describes
this as follows: “Considering the different types of stakeholders (e.g. visitors, the
municipality, energy providers), | would like to be able to work together with them
and to have a role in maintaining this contact between all these different parties.” In
both cases, many students describe this need for a broad collaboration to be able to
engage in the challenge.
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Table 4. Frequency mentions of arguments in both case-studies.
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When we look at what particular content the students are attracted by it shows that
particularly the argument of sustainability is listed as main argument (157 times) in
both cases. Additionally, students frequenly mention technology developments (79
times) and entrepreneurship/business (47 times) in the JIP and to a lesser extent in
the Living Lab case. Students in the Living Lab course particularly mention circularity
(26 times), and knowledge transfer (22 times), a topic that does not occur among the
JIP students. A difference that can be explained by the shared background of the
Living Lab students in a learning environment in which circularity is a common topic.
Sustainability is often mentioned together with other codes, because students have
experience with it, want to make an impact or have an ambition to develop these
skills. In JIP sustainability relates in particular to the technological development.
Sustainability is a broad notion and in this context needs further investigation to
figure out the exact meaning for students in their choice arguments, the result
illustrates a shared urgency among students to engage with sustainability
challenges.

4 DISCUSSION
4.1 Implications of results and suggestions for further investigation

In this study, we have established an understanding of choice arguments and in this
section we want to have a look at what practitioners of CBL can take from this study
to apply in their own practice and how researchers can further investigate it.
Teachers and partners considering the way to introduce the challenges to the
students, could incorporate the five categories in order to connect to what drives
students to engage in these courses and to show them different perspectives on the
challenge. This study showed that it is not only important to pay attention to the
content of the challenge, but also the opportunities it offers for learning new skills,
collaboration with different actor groups and the societal impact students could
make. Students are looking for what a challenge has to offer to their learning
trajectories and for ways to make an impact on society.

Further research should look into this connection between the choice arguments and
the learning trajectories of students in the course. CBL offers students the
opportunity to make decisions about their own learning trajectories and this study
offers insight in the expectations of students. A next question might be if these
expectation are met by CBL and to what extend. We realise that a study, such as we
have conducted here, that brings all choice arguments of students together to
establish one common profile, does not allow to stress the uniqueness of personal
arguments and backgrounds that impact decision making. However, students use
different categories of choice arguments and it might be possible to discover patterns
of decision making. In this study, we showed that certain choice arguments appear in
close connection to each other and this needs further investgiation. We expect that it
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might be possible to distinguish different way of argumentations within this group of
students and this way, we might be able to establish several profiles of choice
arguments.

4.2 Conclusions

The main purpose of our study was to gain a more detailed understanding as to what
motivates students in their choice for a specific challenge in the context of challenge-
based learning. We investigated the choice arguments used in motivation letters of
71 students in two different case-studies and found 5 categories of argumentation
that students use: Content of the challenge, challenge characteristics, personal
ambition, personal background and collaboration. Several choice arguments play a
role in the decision that students make about the challenge simultaneously. At the
same time, this study also shows that some arguments are more prevalent in this
generation of students. Not only do students look at how they can contribute to a
challenge based on previous experiences in education, work and personal life, they
also value which skills they might gain in the process. More so do they show a
connection to challenges that deal with sustainability and collaboration and that
ultimately offer these students a way to make an impact on society. This sheds new
light on a generation of students that feels a responsibility to engage with societal
challenges and is growing to become the engineers of tomorrow.
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ABSTRACT

Lifelong learning (LLL) has become an integral part of professional life. Universities
have to make their students aware of their professional identity and train them in
continuously re-inventing themselves. Lifelong learning, however, is complex and
requires a variety of personal resources. In this exploratory study the aim is to get an
overview of the current LLL competences of engineering students at the Faculty of
Engineering Technology, KU Leuven and the Faculty of Applied Engineering, Univerity
of Antwerp. In order to achieve this, a generic lifelong learning scale developed by
Kirby et al. (2010) is used. A small, but significant, difference between the LLL
competences of bachelor and master students is found.
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1 INTRODUCTION

Lifelong learning (LLL) has become an integral part of professional life. Continuously
updating and up-skilling of competences is necessary in order to keep pace with the
changing requirements of the labour market [1,2]. Looking more specifically at
engineers, the half-life of an engineer’s technical knowledge is limited to two to seven
years depending on the discipline [3]. Higher education institutions have a leading role
in delivering engineers with lifelong learning competences. Universities have to make
their students aware of their professional identity and train them in continuously re-
inventing themselves. As stated by [4] lifelong learning is a key aspect for future
engineering education. Lifelong learning competencies, however, are complex and
can be described by different definitions. For example, a recent study [5] identified the
following four factors having an effect on the lifelong learning of students: curiosity,
openness to learning, access to information and information literacy, and self-direction
and self-evaluation. Another study [6] distinguished six subscales: self-management
competencies, learning how to learn competencies, initiative and entrepreneur
competencies, competencies of acquiring information, digital competencies, and
decision-taking competencies. De Keyzer et al. [7] stated that for lifelong learning,
students should have (1) the willingness to look out for and take advantage of learning
occasions, (2) the ability to do self-direct learning (set goals, plan and execute,
(re)evaluate and draw learning gains) and (3) knowledge of means to do so [7]. The
openness for developing lifelong learning skills is bound to be determined by the
attitude of students as well as the students’ self-esteem regarding those skills. In other
words: self-regulated learning (SRL) is a key factor for lifelong learning.

In this study the aim is to get an overview of the current LLL competences of
engineering students at the Faculty of Engineering Technology, KU Leuven, and the
Faculty of Applied Engineering, University of Antwerp. Though the names of these
faculties suggest a differing nature, they educate towards the same master degree.
Comparing both faculties goes beyond the scope of this study. Consequently, the
participants are combined into one sample.

2 METHODOLOGY
2.1 Instrument

In order to measure the LLL competences of students, a questionnaire developed by
[8] is used. Their generic lifelong learning scale, consisting of 14 items, focuses on the
following constructs [9]: (1) Goal setting, (2) Application of knowledge and skills, (3)
Self-direction and evaluation, (4) Locating information, (5) Adaptable learning
strategies. The questionnaire is self-reported and participants are asked to answer on
a five-point Likert scale (1= Totally disagree and 5= Totally agree). In their study [8]
the Cronbach alpha was 0.71, which is considered as a reasonable reliability,
especially since lifelong learning is a complex construct. The factor analysis resulted
in one single factor.
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2.2 Sample

The link for the online LLL questionnaire is distributed to 2nd year bachelor’s, 3rd year
bachelor’s, transfer students, and master students of the Faculty of Engineering
Technology, KU Leuven, and the Faculty of Applied Engineering, University of
Antwerp. Participation in the study was voluntary and completely anonymous. A total
of 160 engineering students completed the online survey.

2.3 Hypotheses
In this study two main hypotheses are formulated below:

e Hypothesis 1: Master students obtain a higher level of LLL competences than
bachelor students.

e Hypothesis 2: There is no difference in the LLL competences of master
students that followed the regular study programme and the ones that entered
the master’s programme via the transfer programme (i.e. an alternative
pathway).

The next section includes, besides the outcomes of the hypotheses, descriptive
statistics and the internal consistency of the survey.

3 RESULTS
3.1 Summary and descriptive statistics

Table 1 shows the distribution of the students’ answer for each of the 14 items. The
descriptive statistics of the items are presented in Table 2. The mean sum score of the
LLL survey is 3.37 (SD=.32).

Table 1. Descriptive statistics and item-total correlations (Rit) LLL survey

Lifelong Learning items Mean SD Rit
Q1r | prefer to have others plan my learning 2.93 .935 .074
Q2r | prefer problems for which there is only one solution 3.42 .921 .223
Q3 | can deal with the unexpected and solve problems as they arise ~ 3.91 .558 .253
Q4r | feel uncomfortable under conditions of uncertainty 2.56 .845 .201
Q5 | am able to impose meaning upon what others see as disorder 3.54 751 A77
Qér | seldom think about my own learning and how to improve it 3.09 1.15 -.001
Q7 | feel | am a self-directed learner 3.60 .856 219
Q8r | feel others are in a better position than | am to evaluate my 3.28 .951 149
success as a student
Q9 I love learning for its own sake 3.36 1.01 418
Q10 | try to relate academic learning to practical issues 3.84 .765 .281
Q11r | often find it difficult to locate information when | need it 3.04 .924 314
Q12  When | approach new material, | try to relate it to what | already 3.94 741 .235
know
Q13  Itis my responsibility to make sense of what | learn at school 3.38 .923 .100
Q14r  When | learn something new | try to focus on the details rather 3.37 895  -.037

than on the ‘big picture’
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3.2 Internal consistency

This study found a Cronbach’s Alpha of .52, which is below the required .70 to be
considered as acceptable. The interpretation of the item-total correlations (Rit)
according to the thumb rules of Ebel [10]: poor (Rit<0.20), doubtful (0.21< Rit< 0.29),
good (0.30< Rit <.039), and very good (Rit >0.40), resulted in six poor, six doubtful,
one good, and one very good item (Table 2).

3.3 Differences in LLL competences

Performing an ANOVA? analysis showed no significant differences between the
different groups of students (F=1.260, p=.288). An independent samples T-test® was
conducted between the regular master students and master students who entered the
programme via an alternative pathway and no significant difference was found
(T=.124, p=.902).

Table 3. Lifelong learning for different student groups

LLL for different student N Mean SD
groups

2"d year bachelor’s 38 3.32 .268
3 year bachelor’s 44 3.32 334
Transfer 13 3.40 257
Master’'s 43 3.43 .346
Master’s via transfer 29 344 348
programme

Total 160 3.37 .320

The students were also merged into two groups: bachelor students (M=3.32, SD=.303,
N=82) and master students (M=3.44, SD=.344, N=65). An independent samples T-
test* showed a significant difference between the two groups (T=2.20, p=.029).
Appendix A presents the mean scores for each individual item for both the bachelor
and master students.

By way of comparison, we compared our results (M=3.37, SD=.320, N=160) with the
ones in the orginal paper (M=3.72, SD=.410, N=309) [8] and conducted an
independent samples T-test. This showed a significant higher mean score for the pilot
in the orginal study (T=9.413, p<.0001). Since the original study [8] included only final
year students, the same analysis is performed with only the master students (M=3.44,
SD=.344, N=65), which also resulted in a significant difference (T=5.145, p<.0001).

234 Levene’s test showed that homogeneity of variances can be assumed.
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4 DISCUSSION
4.1 Hypotheses

A small, but significant, difference between the LLL competences of bachelor and
master students is found, which is in line with hypothesis 1, namely that master
students achieve a higher level of LLL competences. No statements, however, can be
made about how many students have appropriate LLL competences. It will be
important to define in further research (1) what determines approptiate LLL
competences and (2) what will be the threshold to make a distinction between
‘inadequate’ and 'proper’ LLL competences. In comparison to the orginal study [8], the
participants in our study obtained a significant lower mean score on the LLL survey.
This is an indication that Flemish Engineering students possess a lower level of LLL
competences, which will be further examined in future work.

It is reassuring that there are no differences in LLL competences between regular
master students and master students who entered the programme via an alternative
pathway. After all, it is important that at the end, all graduates obtainsimilar LLL
competences, regardless of their study pathway. At the end of the study programme,
similar learning outcomes are pursued irrespectively of the students’ study pathway.

4.2 Individual items

Given the exploratory character of the study and the low consistency within the
questionnaire, it is worthwhile to analyse some of the questions separately.

For instance, only a third of the participants (29%, N=47) prefer to plan their own
learning (Q1). Even in the final year, only 29% (N=19) of the master students prefer to
plan their own learning. Almost half of the master students (46%, N=30) prefer to have
others plan their learning, while 25% (N=16) are undecided. In addition, 36% of the
total group (N=58) indicate that they only seldom think about their own learning and
how they can improve it (Q6). Both these results can be an indication that there is not
enough awareness of the importance of lifelong learning among students. An
important element, when fostering students’ LLL attitude, will be to focus on increasing
the awareness of the importance of LLL [11]. In another study [12] focus group
discussions, organised with faculties organizing programmes in Engineering
Technology at the Flemish universities, showed that all universities acknowledge the
great importance of LLL. They also point out that a possible manner to increase
students’ awareness is to include LLL more explicitly in the study programme.
Introducing a LLL course in which each individual student (N=17) had to make a
personal development plan, is one manner to make LLL more explicit [7]. Almost all
the students (N=15, 88%) reported that they have learned to set goals, to self-assess
and continuously (re)-evaluate their learning. Although they attribute the latter two
abilities mostly to the entire curriculum, more than half of the students assign learning
to set goals to the specific LLL course. In addition, 12 students state that they now
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have the willingness to look out for formal, non-formal, and informal opportunities for
further self-development.

A large majority of the participants in this study state that they try to relate (1) academic
learning to practical issues (Q10, N=120, 75%) and (2) new material to what they
already know (Q12, N=128, 80%). Also 86% (N=137) of the participants indicate that
they feel comfortable tackling unexpected problems (Q3). These items seem to be
related to direct problem-solving area’s that are relevant for engineers. They might
indicate that engineering students are capable of learning ‘on the job’ when the
learning opportunity passes their path. This is a contrast to the ‘planned’ learning
where a person would not only learn for the moment, but set up a plan for learning in
order to tackle future problems (cfr. Q1 and Q6).

Surprisingly enough master students find it significantly more difficult to locate
information (Q11) than bachelor students (T=2.073, p=.040). This might be due to
master students being confronted with the difficulty of finding information for their
master thesis or challenging project work. However, further and more in-depth
research is required. With the exception of items Q1 and Q11, all other items seem to
indicate an increase from bachelor to master, which is in line with hypothesis 1. The
increase however is only significant for Q2: “I prefer problems for which there is only
one solution” (T=-2.378, p=.019) and Q9: “/ love learning for its own sake” (T=2,204,
p=.029). 62% of the master students (N=40) state that they do not prefer problems for
which there is only one solution and 28% (N=18) answers neutral on this item. This,
off course, is a relief, since engineering problems rarely have one exact solution.

5 CONCLUSION AND FUTURE WORK

This exploratory study found significant higher scores on LLL competences for master
students, which confirms one of the hypotheses of the research. The sample of this
study, however obtaines significant lower scores than the sample of the study of which
the survey was used [8]. The low internal consistency of the survey has to be studied
in more detail since it is in conflict with the original paper [8]. Including LLL more
explicitely can be a possible manner to increase the awareness for the importance of
LLL as demonstrated by [7]. In future work it will be determined what the LLL concept
means to the engineering profession. The results of another study [12] are the starting
point. Student background variables were not taken into account in this study. It is
however plausible that there are differences when they are included. In further
research we will therefore control for background variables.
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APPENDIX A
Table 4. Mean item scores for bachelor (N=82) and master students (N=65)
Mean item scores Mean SD
Q1 Master students 3.15 .988
Bachelor students 3.08 .940
Q2 Master students 2.35 .856
Bachelor students 2.71 .944
Q3 Master students 3.98 .545
Bachelor students 3.86 .566
Q4 Master students 3.37 .858
Bachelor students 3.51 .846
Q5 Master students 3.66 .735
Bachelor students 3.46 .786
Q6 Master students 2.98 1.12
Bachelor students 2.83 1.17
Q7 Master students 3.75 .811
Bachelor students 3.57 .872
Q8 Master students 2.58 .900
Bachelor students 2.78 .969
Q9 Master students 3.52 .970
Bachelor students 3.16 1.03
Q10 Master students 3.94 .808
Bachelor students 3.76 742
Q11  Master students 3.15 .972
Bachelor students 2.84 .848
Q12 Master students 4.00 .848
Bachelor students 3.87 .677
Q13 Master students 3.37 .993
Bachelor students 3.31 .869
Q14 Master students 2.51 .812
Bachelor students 2.75 .935
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ABSTRACT

Several universities have adopted flipped learning methods for teaching, offering
increased student interaction, and different approaches to course preparation and
learning processes. Flipped learning appears particularly well suited for engineering
educations, as it can combine active and problem-based learning (PBL) activities. In
spring 2019, a research project challenged a 4th semester at the Medialogy BSc
programme to a 'flipped and integrated semester', where all courses applied flipped
learning, and used the approach to integrate students' coursework into their semester
project work. To measure the effect of the flipped and integrated semester approach,
the 4th semester teacher team collaborated to include several initiatives, such as
cross-course teaching activities, student activities for course- and project-integration,
and integration-supporting supervision approaches, etc. Student responses to these
changes were diverse, and while a part of the students were positive, there is a definite
room for improvement. Most requested improvements included a strong semester
structure and planning and an explicitly clear relationship between courses and the
project. Flipped and integrated semesters require a lot of planning, communication,
need a holistic structure and has to be transparently communicated to students. Also
among students' main requests for improvement, were a consistent flipping approach
across courses, clear connections between homework preparation material and in-
class activities, and the inclusion of short introductory in-class clarification of
preparation material before any in-class activities. If properly motivated to follow the
steps, students found that the flipped classroom format could increase learning.
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1 INTRODUCTION

Flipped learning approaches has been adapted by more and more universities, due to
their ability to facilitate opportunities for expanded student interaction, and enhance
the width of ways to engage the subject material. Having these freedoms can prove
important for students’ learning processes, if applied correctly (Johnson et al. 2015).
From the combined perspectives of a constructivist ideology and instructional lectures,
flipped learning approaches can be integrated advantageously within engineering
educations, due to their handy consolidation of active and problem-based learning
(PBL) activities (Karabulut-ligu et al. 2018). A variety of studies have been published
on applying flipped classroom, flipped learning and blended learning to lectures.
Between these studies, very different experiences has been reported between
students and teachers, for instance in terms best practice on structure, learning
outcome and resources needed to fulfill the requirements (Triantafyllou et al. 2016;
Bertel & Svarre Kristensen 2018).

Since 1976, Aalborg University has applied its AAU Model, which includes the AAU
PBL principles (Askehave et al. 2015) to guide teaching praxis: project organization
creates the framework of PBL; courses support the project work; cooperation is a
driving force in problem-based project work; the problem-based project work of the
groups must be exemplary; students are responsible for their own learning
achievements (Askehave et al. 2015). The principles cover three learning dimensions:
1) the problem, 2) the content and 3) the team. The typical application of the AAU PBL
principles, if regarded from the perspective of semester construction, includes a
governing semester description (the semester theme) to frame the scope, a set of
courses which students follow for basic knowledge, skills and competences, and a
problem-based semester project with learning objectives congruent with the semester
theme.

The AAU Model has occasionally been revised to remain contemporary. However, the
2011 revision introduced an alteration that challenged the inherent compass of AAU
PBL (Huttel & Gnaur 2017). All courses were now required to be individually examined,
replacing a modus where a portion of courses were evaluated based on a) their
integration in the semester project and b) the students' proficiencies with the course
curriculum at the project examination. The adjustment to step away from the project
as the governing body for a collective of learning objectives, can now be seen as
deceptively impactful. The ensuing years has shown a slow but certain disunion of
courses and projects. Their role as mutual partners, and 'keepers' of a forgathered
semester theme, is now showing signs of discontinuance with both students and
teachers.

A recent ambition for AAU has become to constructively challenge the comprehension
of its '"AAU Model' PBL ideology. Examples showing this incentive are the close to 30
small, AAU-funded PBL projects, aimed for internal researchers to exploring, question,
challenge or examine a slice of the AAU PBL praxis. Several of these concerned
flipped classroom-oriented approaches. Additionally, AAU also funded the 'Future
Directions for Problem Based Learning in a Digital Age' project - or PBL Future for
short (Pblfuture.aau.dk); a 3-year research project aimed for deeper understanding of
the inner pros and cons workings of the current model implementation, as well as new
visions to take the AAU PBL principles into the next revised era.

A 'PBL Future' sub-project research group (the authors of this paper) have specifically
invested their research in exploring the utilization of flipped learning, as a standard
teaching approach for the digitalized future of AAU PBL. In spring 2019, a concept
termed ‘a flipped and integrated semester was proposed by the research group to a
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4th semester AAU teacher team, at the Medialogy B.Sc. program. In such 'flipped and
integrated semester’, all courses would solely practice a flipped learning approach in
teaching, while also seeking integration of integrate (Kofoed et al. 2018).

Medialogy as a field combines problem-solving, human-computer interaction, design
and media technology, to create specific solutions for specific users, often in
collaboration with stakeholders. The 4th semester of Medialogy (MED4) at Aalborg
University Copenhagen, consists of three courses (5 ECTS each) and a semester
project (15 ECTS), and the semester theme is 'Sound Computing and Sensor
Technology'. MED4 relies more heavily on math and programming compared to
previous semesters, focusing more towards understanding user needs. Empirical
survey data suggests that this semester profile means that many Medialogy students
consider MED4 a particularly difficult semester. This is supported by internal data
showing that many students fail the ordinary MED4 course exams (Kofoed et al. 2018),
suggesting an inadequate learning outcome. For years, this trend has frustrated the
MED4 teacher team, and made them susceptible to alternative approaches.

The concept of a flipped and integrated semester within a PBL environment is
pedagogically a fitting combination, from the theoretical perspective of Jensen et al.
(2015). Both are routed in active learning, and active participation has shown to lead
to improved learning (Jensen et al. 2015), compared to passive learning which
conversely has shown to impact performance negatively (Hackmann & Holmboe
2014). As one of the pioneers, Lage et al. (2000), defined a flipped (inverted)
classroom as "Inverting the classroom means that events that have traditionally taken
place inside the classroom now are taking place outside the classroom and vice versa”
(Lage et al. 2000). Meanwhile, the 'flipped classroom' and 'flipped learning' concepts
should not be confused as identical. Flipped classroom involves structure and
framework of teaching, while flipped learning focuses on the processes and learning.
The traditional, transmissive lecture is discharged with the flipped learning approach,
overtaken by active in-class activities, for example peer learning, problem solving, and
specific pedagogical approaches for out of class activities (Hackmann & Holmboe
2014). PBL is likewise occupied with active learning, as well as the emphasis on
activating students in real-world oriented problem-solving processes, including peer
learning.

The flipped and integrated semester was presented to the MED4 team including the
following benefits: a) the support of a wider range of possible PBL-oriented student
activities during in-class sessions, including even more student-teacher interaction, b)
to increase connectedness between courses by (for instance) allowing more cross-
and combined course dissemination and activities, and c) to introduce stronger
integration of project and courses, by basing course activities on project-related needs,
preparing initiating project descriptions which carefully subscribed to course contents,
and to plan the sequencing of the courses to follow the project phases.

This paper marks the end of the first completion of such flipped and integrated
semester; a 5-month process working with teachers to adapt flipped learning, as a tool
to advance their teaching experiences, and invite them to test and explore the
utilization of digitalized content distribution with new roles for the effective course
dissemination. But more fundamentally; to reintroduce the explicit ambition of a cross-
course and course-project integration to the AAU semester. This paper will primarily
contribute to the PBL community, with a discussion of the flipped and integrated
semester concept, largely based on a presentation of results from the concluding
student evaluation of the first full iteration of the flipped and integrated semester.
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2 METHODS

The three flipped semester courses were Audio Processing (AP), Design & Analysis
of Experiments (DAE), and Physical Interface Design (PID). DAE had experimented
with flipped classroom prior to the flipped and integrated semester, but AP and PID
had no experience. Leading up to semester start, teachers and PBL researchers
discussed approaches to flipping, decided to approximate teachers' approach closely
to DAE's adaptation; video material, readings and quizzes were provided for out-of-
class homework preparation for the in-class session. In-class sessions started with a
short discussion on the preparation homework, proceeding quickly to an activity-based
scheme, typically group exercises performed with teacher/TA assistance, and
routinely broken a bit, by the teacher calling for a short detailing to the whole class, if
a challenge would telegraph itself likely to be shared by many students. AP and PID
needed to find their feet in this approach, and find or develop out-of-class material. In
addition, workshops were provided throughout the semester, providing an extended
version of the in-class lecture activity scheme. Some workshops focused primarily on
individual courses, while others sought to combine considerations both several
courses and the semester project.

During the semester progression, the teacher team exchanged experiences internally
and at meetings, and adjusted the teaching accordingly. Examples include the amount
of readings, the explanation of the purpose of readings or tasks, the in-class sessions,
etc. During the semester, one role of the PBL research team was to facilitate and (if
needed) mediate the dialogues between teachers. Another was to observe and collect
information and insights about the progress of the semester, based partly on
observations, but also student responses from surveys regularly provided to students
throughout the semester. The information from surveys was then presented to
teachers, for them to adapt accordingly, if needed. The methodology for the research
group was primarily approaching the study as an explorative case study (Stebbins
2001, Remenyi 2013), and a descriptive, mixed-method study (Stake 1995, Yin 2008).
Four questionnaires were sent to students during the semester, focusing primarily on
the same aspects. It is the fourth and final questionnaire, requesting students' final
evaluation of the semester, which this paper focuses on. All the four questionnaires
were built using predominantly quantitative rating on students' experience of the
flipped lectures (as this would be the first time many of them had tried that). More
specifically, main categories were the level of integration of project considerations in
courses, students' perceived course workload, their perceived difficulty of the courses,
and the perceived learning outcome from courses. Lastly, students were asked about
the integration of course work into their project, and overall aspects to their semester
project experience. The questionnaire had 44 quantitative items and 17 open-ended
(qualitative) items, split into 15 small sections, covering the categories just mentioned.
After each of the 15 sections, one of the 17 open-ended items would follow, as
voluntary response options requesting elaboration from students on the ratings they
gave in the section, if students would care to elaborate on their rating. Besides these
follow-ups, the last open ended items were an opening "describe your MED4
experience" and a closing "if you have any additional comments, please add'. In the
following, we will present the evaluation results. The questionnaire was provided to
students on October 8th 2019. At this time, all participating students had completed
MED4, including all exams, and had a complete impression of the semester.
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3 RESULTS

The questionnaire received 40 responses out of 59 registered students on the
semester. This is considered a satisfactory cut of the population. The following results
presentation will be disseminated in formulated form, with tendencies informed by the
quantitative ratings, and rationalized based on the open-ended responses.

The key contribution here, is the summative conclusions and future recommendations
to a flipped and integrating semester, from students who a) have been used to
traditional course work + a weakly integrated PBL project, but b) is then removed
completely from this comfort zone, c) exclusively exposed to flipped learning course-
work for an entire semester, d) from teachers with mixed experiences, €) on a
semester with a very steep learning curve, and f) with a semester coordinator who has
had to understand how to plan the semester around it. Exposing the governing take-
away already here; findings will suggest a definite potential for the flipped and
integrated semester, but also show that flipped learning is a craft that needs a lot of
initiating investments, practical experiences and specific application to the target
audience. Another key finding is that flipping an entire semester at once, for the first
time, is a deceptively large task, that demands constant and very high levels of
communication between teachers, as well as frequent dialogue with students to
understand their perceptions and needs.

In the opening item; the exclusively open-ended experience description from students,
the semester was depicted with positive references from an overall appreciation of the
holistic approach to the flipped courses, including the teaching method applied by
teachers and coordinators for both for courses and workshops, and showed an
appreciation of capable and engaged teachers. Critique was more dominant than
praise, however, pointing towards an absence of consistency and structure in the
implementation of the flipped learning approach, especially for the two courses where
teachers had less experience. Arguments included an overly tight and stressed
schedule, and an extensive out-of-class preparation quantities, which resulted in
several topics covered in courses to manifest as a stressful experience. Another
overall criticism was a perceived lack of coherence between the course curriculum as
experienced during the lecture-run, compared to the final exam requirements.

For a more detailed look into some of these criticisms, responses on courses' provided
homework preparation material prior to in-class activities was again perceived as well
chosen by some students, while others criticised content. Argued by some to simply
be 'boring', others raised quite relevant critiques by questioning the balance between
the large preparation quantities and a perceived lack of useful application or logical
purpose of the material, in relation to either the course learning objectives, or the
transfer of the material into the in-class sessions. Students suggested a priority system
(e.g. a split between mandatory and extended readings). Other critiques related to
preparation material not produced by the teachers themselves, which made it feel
distant, inadequate or irrelevant to the following in-class activity.

Concerning the in-class activities themselves, some students considered them fruitful
and constructive for the understanding of the overall lecture content, though with a
differentiating rank between the individual courses. Endorsements related to proper
balancing and logic between preparation and in-class activities, but only if in-class
sessions included good introductions to the prepared material, and was
complemented with clear descriptions of the expected application and outcomes for
the in-class exercises. Appreciation was also given to sessions including
considerations or practical work supporting the semester project. Critique aimed at in-
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class sessions that served as mere repetition of the homework preparation, and when
the connection from preparation material to in-class activities became too abstract to
transfer. Or if activities were simply too difficult compared to the preparation material.
Regarding difficulty, positive responses pointed towards the importance of a clear
structure, clear relations between homework and in-class teaching, and the overall
description of the course vision. Consistency on these aspects lowered the risk of
misinterpreting the actual difficulty level. Interestingly, students reported that a lack of
structure made them estimate the course difficulty as either very easy or very difficult.
But generally, if the transfer of preparation material content into in-class sessions
appeared abstract or unclear, students typically perceived lectures to be very difficult.
During such in-class sessions, students reported to request more step-by-step
explanations and practical examples of homework application. High course difficulty
was also related to lacking structure, especially when an exam assignment did not
reflect the learning objectives that students experienced from either preparation
material or in-class exercise sessions. Only the already flipped-experienced DAE
course, was mentioned to appear balanced.

Students' perceived learning outcome was rated with a high learning outcome for
coursework with clear structure, in-class processes that were well planned with clear
goals, and which included the before-mentioned 'initiating coverage' of the homework
preparation material in the opening phases of the in-class session, ensuring the
perspective for students. When not in place, ratings were noticeably lower, which also
including prior mentioned issues, such as when material or in-class sessions were too
abstract, too high-level, without a clear purpose, or disconnected homework and in-
class tasks. Interestingly, quite a few student responses included self-reports on
moments where their learning outcome had suddenly increased dramatically, and that
they did this at very different phases in the semester/course in question and through
very different activities, with some students reporting that their epiphany occurred
during a home-preparation session, while had it at an in-class activity, and some even
only during the exam preparations.

Looking at the integration of courses into the project, the DAE course was the only
course consistently represented in the project. When looking at ratings on the overall
project experience, they suggest that while students found between-students
groupwork quite satisfactory, this was less so with supervision and exams. Comments
suggest that expectations may not have been sufficiently aligned, in terms of what the
students expected the project / supervisor to need or result with. Prominent complaints
from students in this regard focuses on the exam, and how supervisors were focusing
a lot on the application of knowledge from the courses, in the project.

The last open-ended item; students final recommendations, focused in part on the
overall semester and course structure, requesting clear and explicit relationships
between courses and semester project. Cross-course workshops was highlighted as
very useful for the integration of courses and project work. In relation to semester
planning and preparation, the semester should be a well-planned, clearly structured
'whole'. This includes clear and transparent progressions through the courses, an
overview of the entire semester, and better communication across courses, especially
on assignments and increased workload phases, in order to avoid overlap. Students
stated the need of developing a consistent and logical flipped learning approach,
where all courses on the semester should apply a coherently similar approach. A clear
connection between homework preparation material and in-class activities creates
motivation to prepare, which can make the flipped classroom format work very well,
and in fact increases learning. During in-class sessions, students besides valueing the
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introductory in-class clarification, students also recommended using smaller, quicker
assignments, possibly then in higher numbers, so tasks can be finished within the in-
class session and utilize the format.

4 DISCUSSION AND CONCLUSION

There are some very central, interesting and useful tendencies in the data. While the
students who expressed complete positivity with the whole flipped and integrated
semester-initiative were in fact an overall minority, the issues brought up by the latter
students are both logical and approachable for improvement. It also shows that
implementing flipped learning is not simply about time-switching, but a craft in itself,
that also very proficient teachers need to get familiar with over time. The issues with
the flipped teaching approach, leaves the question of whether flipped learning is
constructive for integration difficult to answer clearly. Integration suffered an
underwhelmingly representation in the student responses, due to other matters that
related to start-up difficulties for some teachers, in some phases of the semester. It
therefore remains to be seen how well flipped learning can indeed become a catalyst
for increased integration. Student responses were, however, always positive about
course/project integration, both when it happened, and being discontent when it should
have. Returning to the flipped learning, it appears that suboptimal application of flipped
learning can have radiant consequences on students' perceptions of learning outcome
and difficulty. This returns the focus to how flipped learning, with all its moving parts
and possibly heavier self-study loads and requirements. It appears to be able to
develop specific pressure points, where the approach has to deliver, to avoid students
losing overview, perceiving the workload to increase, or lose their orientation of
purpose or transfer of e.g. material into a meaningful application in another phase of
the flipped cycle.

If anything, it could appear that flipped learning needs to have its methodological and
pedagogical sweet spot established, to allow meaningful integration between courses
and into the projects. Naturally, much of students' criticism was built on imbalances
with semester coordination, course structures, flipped approach coherency, workload
planning and met expectations.

It however is very interesting to see, how students independently reported when they
suddenly hit a spot where their learning outcome was increased dramatically, because
they finally understood the bigger picture. Observing the AP course, it consistently
improved these aspects; structure, planning, in-class introductions, workload
regulations, preparation material adaptation, etc. The course was gradually optimized
during the semester, as the teachers became aware of the issues and solutions
recommended by students, and certain students' feedback on when they started
learning much more fits the timeline well.

Overall, there are still too much potential, and too concretely improvable solutions, to
dismiss the idea of the flipped and integrated semester. Future iterations are bound to
be facilitated, based on the experiences obtained in this initiating iteration. It is
interesting, that students are suddenly requesting structure, vision, planning,
coherency, etc., when faced with the flipped learning. One reflection of that relates
exactly to the integration perspective. Future research will hopefully provide more
concrete answer, but if one imagines that students actually started to care about the
transfer, logic, academic and theme-oriented connectedness, because they now saw
that it was theoretically possible; that is a nice motivator to continue the work.
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ABSTRACT

Being able to situate oneself in an engineering role is a developmental process. Students
may initially have idealized perceptions of a professional role and over time, they make
this role more congruent with their own values and goals [1]. In light of this, Higher
Education Institutions are being challenged to offer learning experiences and career
exploration activities to enable students to clarify their interests, values and competencies
in relation to a professional role [2]. This study compared the professional role
preferences of more than 700 engineering students at TU Dublin (Ireland) and KU Leuven
(Belgium). Professional role preference was measured with PREFER Explore, a personal
preference test for engineers. The test aligns students to three professional roles for early
career engineers: Product leadership (focus on radical innovation), Operational
excellence (focus on process optimization) and Customer intimacy (focus on tailored
solutions and customer satisfaction). A comparison was drawn between the role
preference of first year students at TU Dublin and KU Leuven to establish if there were
significant differences in preference across both universities. The results suggest that the
role preference of engineering students does not shift from first to third year. There is also
evidence that the PREFER Explore is sensitive to gender differences, with female
students showing a greater preference for customer intimacy than males and males
showing a greater preference for operational excellence than females at TU Dublin. The
data have a number of implications for the labor market in Ireland and Belgium.

1. INTRODUCTION

Several studies showed that first-year engineering students lack clear views of their
professional future and have rather vague ideas about engineering [3,4]. A 2018 study in
KU Leuven (Belgium) and TU Delft (The Netherlands) indicated that first year students in
both universities seemed to be most attracted to roles that involved product innovation
[5]. However, in reality, only a small proportion of engineers are directly involved in
technological innovation [6,7].

Being able to situate oneself in an engineering role is a developmental process. Students
may initially have idealized perceptions of a professional role and over time, they make
this role more congruent with their own values and goals [8]. In light of this, higher
education institutions are being challenged to offer learning experiences and career
exploration activities to enable students to clarify their interests, values and competencies
in relation to a professional role [2]. Earlier studies have demonstrated that a better
understanding of one’s professional future and engineering identity not only has positive
consequences for student learning and study choices [9,10], but also increases
employability and job satisfaction [11,12]. This study sets out to explore the role
preference of engineering students at TU Dublin and KU Leuven in order to address three
research questions:

1) How does the role preference of engineering students at KU Leuven and TU Dublin
compare?

2) Are there differences in role preference of first year engineering students based
on gender?

3) Does year of study have any influence over this preference, or are the preferences
stable?
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2. BACKGROUND

2.1 Professional Role Model for Future Engineers (PREFER-model)

The PREFER-model was developed to enhance engineering students’ reflection about
their future selves. The model wanted to offer very concrete opportunities to grasp
particular aspects of the complex and varying careers that an engineer can pursue that
transcend the engineering discipline. The model represents three professional roles
independent of discipline: Product leadership (focus on radical innovation & research and
development); Operational excellence (focus on process optimization & increasing
efficiency); Customer intimacy (focus on tailored solutions for specific clients). The roles
specifically focus on early career engineers and are flexible in use since several roles can
be combined in one job. The model has been thoroughly validated with both industry
stakeholders and engineering students [13,14]. For each of the roles, essential non-
technical competencies have been identified in close collaboration with industry [15].

Based on the PREFER-model, two tests were developed allowing students to explore
their personal preference and to receive feedback on their role alignment and
competencies. In this study, the PREFER Explore test was used to investigate role
preference [16,17]. A further description of PREFER explore is provided in the method
section.

2.2 The nature of interest

Interest is not a self-sufficient concept, it requires material, a subject matter and
conditions on which an individual can operate, effort on the part of the individual and that
the individual possesses some traits and tendencies that can be assessed [18]. So a
researcher must consider the modality of the assessment of this interest and the nature
of the interest as well. Interest can take on two forms, either situational interest, which is
a snapshot of an individual's interests at a given time that can change based on their
experiences, or individual interest which is relatively stable over time and has a tendency
not to change with experience [19]. This highlights a question as to whether or not
PREFER-Explore is a situational interest assessment or an individual interest
assessment, which the authors will attempt to address during the discussion of the
results.

2.3 Gender differences in vocational interest

The magnitude and variability of gender differences in individual preference was
examined in great detail by Su, Rounds and Armstrong [20] who suggest that men and
women differ in their preference for things and people, with women favoring people and
men favoring things. Carrying out a meta-analysis of 503,188 responses to 47 interest
evaluations, this gender difference in People-Thing orientation was found to be
significant, with a large effect size (d = 0.93). While Su, Rounds and Armstrong concede
that the application of some item development strategies can reduce gender differences,
they suggest that interest may play a crucial role in occupational choices in STEM fields.
This phenomenon was also investigated in an engineering specific context in a recent
article by Bairaktarova and Pilotte [21]. In their study of 339 practicing engineers and
engineering students, they found significant gender differences in both people and thing
orientation in both practicing engineers and students.
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3. METHODS

3.1 Data collection

In total the test was administered to 755 students, resulting in data from 624 males and
131 females being collected. A summary of the datasets is presented in table 3.1. All data
collection was carried out with the full approval of the TU Dublin research ethics
committee (REC 17-112) and the KU Leuven ethics committee (G- 2019 10 1792)
respectively. The engineering discipline of the sample of students is provided in table 3.2,
with first year students in both universities enrolled in a common entry route.

Table 3.1 Summary of data sets form TU Dublin & KU Leuven

Year of Year of Collection Response
University Gender N study collection method type
Pen and Voluntary
TU Dublin ~ Female 12 1 2018 paper
Male 98
Pen and Voluntary
TU Dublin ~ Female 22 1 2019 paper
Male 79
Pen and Voluntary
KU Leuven Female 27 3 2018 paper
Male 127
Online Obligatory
KU Leuven Female 70 1 2019 platform
Male 320
Totals Female 131
Male 624
Grand
Total 755

Table 3.2 Engineering discipline of sample

Engineering discipline N %
Engineering (common entry) 596 79%
(Bio)Chemical Engineering 25 3%
Electronics-ICT Engineering 42 6%
Mechanical Engineering 81 11%
Structural Engineering 10 1%
BLANK 1 0%
Grand total 755 100%

This data allows a study using data from both universities to establish a comparative study
of first years and the potential gender differences in the role preferences of first year
students and moreover a cross sectional study in KU Leuven to evaluate if role preference
was stable over time .
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3.2 Instrument

The test instrument used in this research was PREFER-Explore [22] a 10 item personal
preference test that aligns individuals to 3 professional roles based on their vocational
interests. Product leadership, Operational Excellence and Customer Intimacy.
Participants are provided with several questions, for example: You participate in an event
that is aimed at stimulating knowledge sharing in your professional area. You can choose
between different kinds of sessions. What sessions would you prefer the least and the
most?

e Information meet ups and networking sessions with engineers from within your
field

e Presentations on best practices to increase efficiency of production and delivery
of services in your professional area

e Presentations discussing the state-of-the-art in your field of expertise

A maximum score of 10 and a minimum of -10 is assigned to each role, giving a theoretical
range of 20. When students indicate a response is their least preferred, it deducts 1 point
from that role and vice versa when they indicate it is their preferred role.

The test has been shown to be a reliable test for evaluating preference in each of the
three roles with modest inter-item correlations and Cronbach’s Alpha Coefficients ranging
between .460 and .686 [17]. The items of PREFER-Explore are available at via the
instructors test account on www.fet.kuleuven.be/prefer.

3.3 Data analysis

All data from each role were checked for normality to establish if the data were normally
distributable or distribution free. A comparison was drawn between first year students in
KU Leuven and in TU Dublin to establish if differences in role preference were observed
across universities. As the sample sizes for first year students were different, homogeneity
of variance was not assumed for the t test, this was confirmed with a Levene’s F test. The
null hypothesis H,, was that there would be no difference in the sample means and an
alternative hypothesis was promoted by the researchers that significant differences would
be observed H,,

Data collected from first year students were analyzed to establish if there were differences
in role preference by gender using independent samples t-tests to compare the scores of
male and female students in each of the three roles at both Universities. As the sample
sizes for male and female students were different at each university, homogeneity of
variance was not assumed for the t test, this was confirmed with a Levene’s F test. The
purpose of selecting first years for this analysis was to determine if there were differences
in role preference by gender on entry to University. The null hypothesis was that no
significant differences exist between the two cohorts H,, and an alternative hypothesis
was promoted by the researchers that significant differences in the sample means would
be observed H,, in each role. The purpose of this analysis was to determine if PREFER-
Explore was sensitive to gender differences.
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Using an independent samples t-test, the distribution of scores for each role were
compared between first and third years students at KU Leuven to establish if they were
significantly different from one another and to establish an effect size. As the sample sizes
for first and third year students were different, homogeneity of variance was not assumed
for the t test, this was confirmed with a Levene’s F test. The null hypothesis H,. was that
there would be no difference in the sample means and an alternative hypothesis was
promoted by the researchers that significant differences would be observed H,.. The
purpose of the analysis was to determine if the preferences of the students were stable
over time.

4. RESULTS

4.1 Role preference by university

As highlighted in table 4.1, a strong preference for product leadership was observed in
both universities, while operational excellence remains in a neutral position, followed by a

lack of preference for customer intimacy based on mean scores.

Table 4.1. Independent samples t-test of scores from KU Leuven and TU Dublin

Mea Std. Sig. (2-

Role University N n Dev t df tailed) Cohens d

Product KU

Leadership Leuven 363 3.19  3.165 2.1 401 0.036* 0.185386
TU Dublin 198 2.6 3.2

Operationa

I KU

Excellence Leuven 363 -0.06 3.788 -0.873 427 0.383 -0.07625
TU Dublin 198 0.22  3.552

Customer KU

Intimacy Leuven 363 -3.12  3.758 -1.272 411 0.204 -0.11017
TU Dublin 198 -2.71  3.685

*a=.05

It can be noted that first year students in KU Leuven hold a stronger preference for product
leadership roles on average when compared with first year students in TU Dublin. Upon
further examination, the difference in mean scores for product leadership were found to
be significant, with a small effect size (.19), while no significant differences in the mean
scores from the other two roles were observed across the two universities.

4.2 Role preference by gender

The analysis carried out on the sample of first year engineering students to determine
gender differences in vocational interest revealed differential results in both universities.
In TU Dublin no difference existed between female-male preferences for product
leadership. For operational excellence and customer intimacy however, significant
differences in female-male sample means were observed at a confidence interval of 95%.
A subsequent examination of Cohen’s d revealed a small effect size in both cases, with
female students having stronger preference for customer intimacy than males and males
having stronger preference for operational excellence than females. In KU Leuven, no
significant gender differences were observed in the three roles.
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Table 4.2 Independent samples t-test of gender differences in preference in TU

Dublin
Sig. (2-

Role Gender N Mean  Std. Dev t df tailed) Cohen's d

Product Leadership Female 35 2.66 3.067 0.129 52 0.898 0.025
Male 163  2.58 3.237

Operational Excellence  Female 35  -1.03 2.895 -2.674 59 0.01* -0.459
Male 163 0.48 3.63

Customer Intimacy Female 35 -1.46 3.551 2.282 51 0.027* 0.421
Male 163 -2.98 3.668

a=.05

Table 4.3 Independent samples t-test of gender differences in preference in KU

Leuven
Sig. (2- Cohen'sd

Role Gender N Mean Std. Dev t df tailed)

Product Leadership Female 68 291 3398 -0.753 95  0.453 -0.088
Male 295 325  3.112

Operational Excellence  Female 68 -0.38 3579  -0.804 106  0.423 0.069
Male 295 001  3.836

Customer Intimacy Female 68 -253  3.846 1422 98  0.158 -0.031
Male 295 -326  3.73

a=.05

4.3 Role preference by year of study

The analysis of the differences in role preference based on year of study at KU Leuven
suggest that there are no significant differences between the role preference of first year
students and third year students at a 95% confidence interval.

Table 4.4 Independent samples t-test of differences in scores by year of study

Sig. (2- Cohen’sd

Role Year N Mean Std. Dev t df tailed)

Product Leadership First Year 294 325 3117 1237 216 0.217 0.135
Third Year 128 2.8 3.532

Operational Excellence  First Year 294 0.03  3.832  -0.657 238 0.512 -0.069
Third Year 128 0.3 3.899

Customer Intimacy First Year 294 -3.28 3.724 -0.444 215 0.657 -0.047
Third Year 128 -3.09 4.254

*a=.05
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5. DISCUSSION

The results of the comparison of role preference in KU Leuven and TU Dublin suggests
that first year students, by and large, have similar preferences for each of the three
professional roles, with the exception of Product Leadership, where the preference is
significantly higher in KU Leuven than in TU Dublin, with a small effect size (.19). The
reasons for this could be numerous, one possible explanation is that the economic activity
of engineers in Belgium places a stronger emphasis on manufacture than Ireland,
manufacture implies the production of a tangible product and may explain the greater
degree of preference for such a role.

The results of the analysis of differences in mean scores by year of study reveal that
students’ role preference is rather stable. That would tentatively suggest that PREFER-
Explore is an individual interest assessment as opposed to a situational interest
assessment, as the results seem to be stable by year of study. Of course, the finding of
this study are based on cross sectional data and so changes in preference could not be
tracked. Previous research in Belgium suggests that role preference is not stable over
time [14], however the sample sizes was low (n = 67) and the data were also cross
sectional. On the basis of both the Belgian study and the study reported here, the author’s
hypothesis is that PREFER-Explore is in fact a situational interest assessment. To
address this, a longitudinal study using PREFER-Explore would need to take place that
tracked students’ role preference over time. It would also be interesting to investigate
whether students have clear preferences for a combination of roles. Earlier research with
Masters students indicated that, when combining roles, up to 40% of the students
expressed a preference, either as a single role or combination of roles, for customer
intimacy [14].

The results of the analysis of gender differences in the mean scores on PREFER-Explore
reveal differences in preference between male and female students in operational
excellence and customer intimacy at TU Dublin. This would suggest that the test is
sensitive, at least to some degree, to the female people-orientation discussed in the
literature. The test did not detect gender differences in preference for product leadership
however, this is contradictory to evidence in literature which suggests that male students
are more thing-oriented. There are two explanatory factors, one is that the product
leadership subscale is simply not sensitive to these differences and the second is that
students who have selected engineering as their field of study are already predisposed to
be thing-oriented, regardless of their gender. This latter factor is far less likely however,
as confirmed by previous research into engineering students’ people and thing orientation
[20,21]. This first point, about the sensitivity of the test to gender differences is punctuated
in the KU Leuven data, where students showed no difference in role preference based on
gender in any of three roles, with a clear preference for product leadership being
demonstrated from the data.
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6. CONCLUSIONS

Nye et al [23] expected that interest would predict performance where that interest directly
related to an occupation. In their study, which evaluated 60 years of interest research, the
samples of students and those who were employed illustrated moderate correlations with
performance criteria and persistence at work and in school highlighting the benefits of
interest assessment in predicting job success. In addition, they discuss the added benefit
of providing interest profiles rather than interest levels stating that in predicting
performance in a particular occupation or major should involve considering the interest
profile in that particular context. Learning the knowledge and skills required to understand
topics where there are less well-developed interests is a difficult task. Students are less
motivated to work on developing knowledge about these topics. Their ability to make
enquiries about these topics is also limited, questions tend to be procedural, unless they
set a goal to learn about it. Most adults can set goals and utilize motivational strategies
from other content domains in order to master content in less well developed interests,
and they can learn to do so [24]. It is an imperative then, that students can frame the
topics of study in their programme within a professional role, to enable them to develop
motivational strategies to succeed in topics where they lack an intrinsic motivation to
succeed.

In addition, and in response to previous work by the authors on role preference in different
universities, a comparison was drawn between the interests of first year engineering
students at KU Leuven and TU Dublin to evaluate if there were differences in role
preference across these universities. As noted in previous research, there is a strong lack
of preference for customer intimacy roles and a strong preference for product leadership
roles. Despite female students having a stronger preference for customer intimacy, the
mean scores on this subscale still range from -1.46 to -3.26. With approximately 3.5
standard deviations from the mean score on this role, even positive scores for customer
intimacy are relatively small compared to the other two roles. This presents a number of
challenges in Ireland and Belgium, as traditional manufacturing begins to decline and jobs
in professional services continue to grow [25,26] the role of an engineer in industry is
changing. There are two key issues, the main issue being that if we concede that
engineering is as much about people as it is about product and process, a question is
raised about how we can attract talent to engineering that focuses on the former of these
roles as well as the latter two. There is a second, paradoxical issue, in that female
students at TU Dublin have a stronger preference for customer intimacy roles than males,
roles which are becoming more and more important to the industry, yet females remain
consistently underrepresented in traditional engineering disciplines. The authors argue
that in light of this research, now more than ever, initiatives seeking to secure the STEM
pipeline are essential to ensure we avoid vertical skill mismatch in the field.
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ABSTRACT

The integration of digital technologies and the trend of life-long learning impact on
corporate learming. Companies no longer want to build their own training departments
and centers, they are looking for opportunities and resources outside. University and
industry are building grounds for mutual benefits. This study aims to reveal preferable
forms of education and training in the corporate sector in Finland. The study is based
on a survey of 32 industrial companies. It addresses the current state of corporate
learning in Finland. The results reveal that the majority have already integrated
corporate training through external sources. Finnish companies prefer internal face-
to-face training.

1 INTRODUCTION

Digitalisation embraces different sectors of our life including education. There are two
niches in education and life-long learning: academic and corporate learning. Corporate
training research is limited in the scientific literature, therefore present a special
interest. In addition, the background for this research is Erasmus+ Capacity Building
Project CEPHEI [1]. The project aims to increase collaboration between industry and
university on the ground of a joint online learning program. As a result of the work, the
learning platform was created in a consortium of 9 universities with courses in blended
and online forms. Each course is a result of university-industry cooperation. The
industry participation differs for each course. Courses are designed with the problems
brought from industry or aimed to teach industry. Therefore, the study related to
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corporate learning is specifically crucial to industry involvement, building joint learning
programs and future sustainable cooperation.

This study focuses on the corporate sector and analyses the existing forms of learning
and training. The primary two core options of training are analysed: external and
internal.

1.1 E-learning

Digital technologies are changing the educational paradigm and enable cooperation
between different organizations. The vast amount of digital teaching materials allows
opening the learning environment [2]. The growing number of higher education
institutions (HEls) transits their courses to digital form. The world's top-ranked
universities have extended their learning environment and offer online courses and
degrees in various Massive Online Open Course (MOOC) platforms. Finnish HEIs also
apply the “go online” strategy and launch online campuses and non-degree online
studies.

The Industry-University collaboration brings significant benefits for both sides.
University can involve more real cases and problems to solve for their students and
provide the link for the future work placement between industry and university. The
updated learning process prepares students for future challenges during their work
life. From the other side, companies can hire the students using the analytics of the
existing joint learning management system. In addition, companies can use university
courses as training for their employees.

1.2 Corporate learning

Over four million students of all levels annually graduate from European universities
[2]. Most of them start their career and continue education through the corporate
system, training and lifelong learning. Corporate education is a branch of the
educational system, but it pursues different goals than traditional higher education.
The objective of corporate learning is to change the mindset of employees and ensure
that they have knowledge and skills to undertake specific tasks [4]. The specific
characteristics of corporate education are fast pace, career-oriented, benefit to the
company.

Masalimova and Sabirova (2014) have analysed socioeconomic and educational
literature and provided a holistic classification of corporate learning. According to local
characteristics, the training can be in-house (carried out within the company) and out-
of-house (courses, workshops, seminars conducted on third party territory). The key
decisive factor whether to outsource or conduct training internally is the availability of
financial, time and human resources [6]. According to Masalimova et. al (2016),
European companies (based on data from France and the UK) prefer in-house
training. The study of the Finnish market shows that different size companies are
equally invested in employee training, but forms of training are not specified [8]. Thus,



the first hypothesis to test in this study is: Finnish companies alike other studied
European companies prefer internal corporate training.

Corporate education is happening in both traditional and digital forms. Corporate
learning is one of the fastest-growing segments of the e-learning market: 51% of
European companies are offering online opportunities to learn to employees [4]. Thus,
the second hypothesis of this study is: Finnish companies prefer online corporate
training.

2 METHODOLOGY
2.1 Research design

The research aims to identify preferred forms of corporate training among Finnish
industrial companies, and whether they depend on the size of organization. The study
utilizes a questionnaire survey as it is an objective way to test research hypotheses.
Ensuring the reliability of results, the questionnaire adopts Crumpton (2011) and
Masalimova et. al (2016) studies. The questionnaire was designed both in English and
Finnish. To ensure the identity of questions in both languages it was translated by two
people and then compared.

The questionnaire includes an introduction, where the objectives of the research are
explained. Later, respondents are asked about company size and availability of
corporate education. The last part invites respondents to rate on a five-point Likert
scale which forms of corporate training are most commonly used in the company.

2.2 Sampling and data collection

List of possibly suitable companies was acquired in Technology Industries of Finland
Association. Initially, it included 1400 companies, the repeating and international
companies were excluded from the list. Out of 1161 companies, 20% were randomly
chosen due to high time consumption for contact data collection. The target group of
the survey is management.

Link to the survey was distributed via email. Out of 232 emails, 204 were delivered.
The reminder was sent to potential respondents within a week. 32 answers were
submitted to the questionnaire, thus, the questionnaire was completed with an
effective response rate equal to 15,6%.

3 RESULTS AND DISCUSSION

The collected data was encoded and analyzed with data analysis and statistical
software STATA SE16. The use of English and Finnish version of the questionnaire
was justified as 53% of respondents preferred Finnish. Two out of 32 respondents
stated that there is no corporate training in their company. The majority of respondents
(50%) are from medium-size companies, small and large companies were equally
represented. The descriptive statistics of factors is presented in Table 1, where 1
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French and UK companies prefer internal training is approved. Even though in-house
training requires more resources, it allows companies to keep sensitive information.

According to results of t-test, there is statistically significant difference (p-
value=0,0000) in mean values across respondents for variables traditional (M=3,13;
SD=0,90) and online (M=221; SD=0,65) corporate training. Vernau and Hauptmann
(2014) state that European companies tend to offer online learning, however, the
hypothesis that Finnish companies prefer online corporate training is declined.

There are several limitations associated with this study. Firstly, the questionnaire was
distributed among Finnish industrial companies, thus, the results cannot be
generalized to the whole Finnish market. Secondly, bigger sample size will allow
analyzing the data deeper, for instance, conduct cluster analysis.
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ABSTRACT

This paper discusses the term ‘global responsibility’, how it emerged and why, and
analysis of interview data collected from nine civil engineers working in London
regarding their understandings of the term. Professional Bodies often take the lead in
envisioning change, by identifying the direction their professionals should take to
help address society’s evolving needs and aspirations. Often, such Bodies charge
academia with addressing society’s evolving needs through research, outreach, and
preparing the next generation of professionals. In the UK, leaders in civil engineering
have pressed for individual and collective action to facilitate sustainable development
and decrease occurrence of corruption. Nevertheless, under the current model of
professional conduct, finances (typically the extractive side of the economic pillar)
continue to take precedence over the environmental and social pillars. In response,
the United Nations has encouraged use of the term ‘global responsibility’ to expand
public perceptions of what quality life should entail. This paper represents a first step
in comparing how common use of the term in UK civil engineering compares to its
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originally intended meaning, and what London-based engineers are doing to
facilitate it.

1. INTRODUCTION

In the UK, leaders of Professional Bodies in civil engineering [1] [2] have pressed for
individual and collective action to facilitate sustainable development and decrease
occurrence of corruption [3], which had become particularly evident in large-scale
infrastructure projects. According to the Brundtland commission [4], "Sustainable
development is development that meets the needs of the present without
compromising the ability of future generations to meet their own needs." Sustainable
development implies concern for environmental and social sustainability as well as
financial aspects, as conveyed in the three pillars (environment, society, economy)
that should be given balanced consideration in decision-making. Nevertheless,
financial profit has tended to be the focus of the business model within which civil
engineering typical operates, and it relies heavily on indicators like Gross Domestic
Product that are extractive rather than generative or re-generative in nature [5].
Many civil engineers have called for more holistic visions of success.

The United Nations has encouraged use of the term ‘global responsibility’ to expand
public perceptions of what quality life should entail. The specific term has not gained
a wide footing, however, and seldom appears in literature on civil engineering.
Despite not using the term, Professional Bodies in engineering have increased their
attention to various dimensions of global responsibility, further codifying ethics,
sustainability, and sustainability development and frequently highlighting and
promoting cases for educators and practitioners to use as precedents [6].
Engineering Professional Bodies also have looked to higher education institutions
(HEIs), asking them to equip emerging graduates with the skills and abilities
necessary to enact global responsibility and incorporating such aspects into
conditions for accreditation.

Considering the UK specifically, Professional Bodies provide grants, guides and
frameworks, and other forms of support to HEIls to help them teach ethics and
sustainability [6]. They provide continuing professional development (CPD) activities
to help members develop new knowledge and skills, they require early-career
engineers to engage with some dimensions of global responsibility in order to
become Chartered, and have recently enacted requirements for Chartered engineers
to maintain portfolios of CPD.

In this study, we interviewed nine civil engineers who work in London, asking about
decisions they had made recently related to ‘global responsibility’ and, subsequently,
asking them to define the term for us. In this paper, we report how they define the
term—assessing to what degree this aligns with the United Nations’ definition—and
we identify what this implies for higher education and ongoing professional
development.
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1.1 Existing definitions

Kung published a seminal book on the topic in 1991, called published Global
responsibility: In search of a new world ethic which promoted “Planetary
Responsibility” as the slogan for the future, encouraging “an ethic of responsibility in
place of an ethic of success or disposition”. This new ethic would encompass
“responsibility for our neighbours, the environment and the world after us” and would
define “ethics as a public concern” [7, p. viii].

In 2005 the United Nations, in collaboration with companies and business schools,
launched a Globally Responsible Leadership Initiative (GRLI) “to catalyse the
development of globally responsible leadership and practice in organisations and
societies worldwide” [8, footer] and facilitate “deep systemic change across three
domains: how we live and make a living, how we learn, and how we lead” [8, {[1].
Despite efforts to promote a holistic vision, the most commonly-cited aspect appears
to be Corporate Social Responsibility (CSR), which Chen and Scott [9] describe as
corporate citizenship and as “a self-regulating business model that helps a company
be socially accountable—to itself, its stakeholders, and the public” ([1). They do so
by “operating in ways that enhance society and the environment, instead of
contributing negatively to them” (]]2). Related to education, the European Federation
of National Engineering Associations (FEANI) aims to strengthen “the position, role
and responsibility of engineers in society” (p.42) and has mentioned the term ‘global
responsibility’ in its newsletter [10]. Nevertheless, the term does not commonly
appear in engineering literature and appears to be more commonly mentioned in
Europe than other English-language areas of the world.

2. METHODOLOGY

This project uses thematic analysis alongside grounded theory [11] to “perform a
simple and preliminary study of an area where there is little previous research” [12,
p.156], in this case regarding to the emergence of the term ‘global responsibility’.
Thematic analysis using grounded theory has proven to be highly effective for this
type of exploratory research [11]. Consistent with this methodology, semi-structured
interviews with open-ended questions were conducted to assess how participants
experienced or perceived the topic [13]. The study was designed to find out how
participants themselves defined, in their own words, ‘global responsibility’ and was
approved by UCL Ethics. This exploratory study was conducted by a team of
engineering education researchers at the request of Engineers without Borders UK
(EWB-UK), who defined the topic, sample size, and scope of work. Sampling was
pragmatic and purposeful. The nine interview participants were recruited by EWB-UK
and included three women and six men (see Table 1 for demographic information).
EWB-UK solicited participants via email, newsletters, Tweets, and a webpage
explaining this “Research looks into global responsibility in engineering” and “aims to
understand whether and how global responsibility impacts on decision in the
engineering profession”. A schedule of interview questions was prepared and
applied in a conversational, semi-structured way.
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Table 1. Participant Demographics

Sex | Grad. | Degrees Held Prof. Employment Sector Charter
Date Years (Type of Work) Status

P1 | F 2016 | M.A. & M.Sc. 3-5 Sustainable N/A (Ph.D.
(Sustainable Development Under-way)
Development) (Consulting & Research)

P7 | F 2015 | M.Eng. (Civil & 3-5 Structural Engineering Underway
Environmental (Infrastructure & Building
Engineering) Design)

P8 | M 2014 | M.Eng. (Civil & 3-5 Structural Engineering Chartered
Architectural (Building Design)
Engineering)

P3 | F 2014 | M.Eng. (Civil 3-5 Structural Engineering Underway
Engineering) (Building Design)

PO | M 2012 | M.Eng. (Civil & 5-10 Rail (Design Chartered
Structural Engineering) Management)

P4 | M 2010 | M.Eng. (Civil & 5-10 Structural Engineering Chartered
Structural Engineering) (Infrastructure Design)

P6 | M 2010 | M.Eng. (Civil 5-10 Rail (Infrastructure Underway
Engineering) Construction Planning)

P5 | M 2006 | B.Sc. (Geoscience) 10-15 Ground Engineering Chartered

(Construction Costing)

P2 | M 1982 | M.A. & M.Sc. (Civil 30-35 Rail (Design Chartered

Engineering) Management)

One-hour semi-structured interviews with open-ended questions were conducted,
professionally transcribed, and then verified for accuracy by the research team.
Open, axial, and selective coding were used to determine themes and categories
and analyze data. Weekly peer-debriefings were held with core research team. In
addition, an expert Advisory Panel coordinated by EWB provided guidance
throughout the process.

3. RESULTS

Participants provided a solid understanding of typical concerns and experiences
working in civil engineering in London. The open-ended nature of the questions
allowed participants to raise any topics that came to mind.

3.1 Initial thoughts on ‘global responsibility’

Mentions related to the environmental pillar were more frequent than mentions of the
social pillar or the sub-set of ethics and anti-corruption, which often surfaced only
with prompting from the interviewer. When asked about ‘global responsibility’, most
of these nine engineers:

e indicated it's an ambiguous term and asked for our definition;

e used the Brundtland Commission’s words (longevity, future generations) to

describe the concept;

e explicitly referenced the three pillars (social, economic, environmental).
Most participants arrived at the interview expecting to discuss topics related to EWB
but indicating they were not familiar with the term ‘global responsibility’, per se.

P4: When | knew this was like an Engineers Without Borders type [activity], |

thought it was maybe about international development type definition of global
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responsibility. But then, actually, in terms of what my work is, the global
responsibility is about understanding social implications of engineering, of the work
we do—and that can be wherever it is in the world.
Interview data revealed that, to these civil engineers, ‘global responsibility’ is
nebulous, ambiguous, and multi-layered term. Although these specific words were
not seen as a familiar grouping, all participants did associated the term with the three
pillars—environmental, social, and economic.
P9: how many times have | heard the term global responsibility? Not loads. (...) |
think in my eyes, its closely linked to sustainability, which is three pronged with
environmental, social and financial. And by acting sustainably—considering all
three of those branches—I think you are fulfilling a global—. You are thinking about
global responsibility. But (...) to me, it's not a buzz word, in the industry. Where did
| hear about it? Through perhaps some industry materials. But | don't know. In my
eyes, it's not something which you hear loads.
Nearly all participants discussed it in terms of considering impacts their decisions
have on future generations as per The Brundtland report [4]:
P2: You go into civil engineering because you're building for the future generations.
You're not going in there to mortgage it for the future.
Yet, most also admit they typically focus on environmental aspects in their efforts to

be responsible:

P6: | see it as quite tied towards the environment, which it probably isn't. I'm sure
there's social aspects, and probably economic aspects, as well. But (...) I'm aware
probably through other part-time work I've had, there is a big drive with
multinational companies about ‘global corporate responsibility’ which links into
charity work of all kinds. That's a separate issue, really, to me, so my understanding
of global responsibility links quite closely to environmental sustainability.
P9: I find it, an almost all-encompassing term. Like you've literally had a positive
influence on every person on the planet (...) | find it very hard to really pinpoint how
one has contributed towards global responsibility (...) Sustainability, on the other
hand doesn't have that (...). | now have the liberty to specify, as | said earlier on,
the materials, or any replacements of materials, which could have an
environmentally positive impact.

Whereas others quite naturally incorporated social considerations, with

understanding of their own vantage point and inherent biases:
P7: | guess I live in a Western world and | have Western views, like | say about
equality, and specifically things about the Sustainable Development Goals. | think
there's a lot under global responsibility that you could filter down into those goals,
but essentially, traditionally, it came under environmental politics and there's three
pillars in there—environmental, economic, and social? | guess this is what I'm
trying to say is this is kind of social side which probably stretches the traditional
view of environment. Yes, that's how I related it to global responsibility.

3.2 Definitions of ‘global responsibility’

The interviewers resisted providing any a priori definition, but instead started the
interview by asking participants to discuss “an instance in your recent work as a civil
engineer where you made decisions related to ‘global responsibility’” and then, at the
end of each interview, asking participants to summarize their definition of the term.

Answers at this point resembled the following:
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P3: I think | would fall back on the definition of sustainability and | would say that
it's making sure that we don't compromise the future generations' needs, on a
global scale, or on a small scale, really, by the needs of today. So, it's making sure
that we're not using things irresponsibly now, that will hinder the future generations.
| think that's how | would define it.

They often see this with regard to infrastructure projects:
P5: Within civil engineering, | would say it's carrying out projects, creating
infrastructure, without having a detrimental effect—a lasting detrimental effect—
and minimizing that effect on the world.
P8: I would define "global responsibility” as minimizing the negative externalities of
your work. Again, whatever they may be, because a lot of my work will have—. In
a global impact sense, the main impact that | will have is climate change, so carbon
and embodied carbon, as an example. Looking slightly lower then, they'll be on to
supply chain, logistics and procurement. Then, other bits will be on the local
environment, literally where they build the building and what impact of that is. A
global impact to me has, it covers everything from very local impacts, because this
space now, for a person to use, it has an impact on the people around it and the
society around it up to, yes, this will impact the entire plan.

In addition to mitigating negatives, they seek to stress positives:
P8: | said global responsibility is minimizing those negative impacts. And | guess,
conversely, maximizing the positive outcomes. But that’s sometimes harder to
point to. You can say, "I'll save carbon."” It's hard to point that your good resource
stewardship has resulted in—.
P9: It would be making conscious decisions, conscious decisions, about actions
you're going to take, that will have a positive impact on society, and on the planet
in terms of sustainability and its longevity.
P4: Engineering and international development is about providing maybe a facility
or a place for learning or something that people can use in the future rather than
building for the sake of it. And social implications of large engineering schemes in
developed countries is about how people use and what's going to happen after
you've finished building this building.

Several saw inclusivity and diversity as crucial elements:
P2: | think it is a global responsibility to look at all users.

They had differing views on how individual and collective the actions should be.
P1: | think that the word global in this responsibility means a collective
responsibility.
P7: global responsibility (...) has a variety of scales. And the fact that you use the
word ‘global’ insinuates that, "Do | as an individual living and working in London,
have a responsibility to deliver something, or work in a way that takes the overall
globe into account?"” And | guess, yes.

Being globally responsible has both collective and individual components:
P7: For me, is a very personal, individual thing. | don't feel like it comes from a
collective. And | feel like dealing with global issues that come under the ‘global
responsibility’ umbrella are *dealt with* by the power of the team, the power of the
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group, united vision, united thoughts and united strategy on these things. | think
that's how things change. But when it comes to global responsibility, | feel like it
comes from a place within. And where your ethics lie, and where your interests lie.
And how aware you are, through your own personal experiences and upbringing,
of some of the many problems that face society.
Unlike the engineer quoted above, most participants did not inherently associate
‘global responsibility’ with ethics and anti-corruption, but discussed the topic when
prompted:
P3: | suppose my observations of corruption don't necessarily—maybe it's me
being naive—they don't necessarily link to global responsibilities, as such.
P6: Yes, so the ICE [Institution of Civil Engineers] themselves have a Code of
Conduct which will be linked to various things we discussed, so sustainability and
sustainable development, has its own objective as well as two separate, but
abiding by the Codes of Conduct which probably do cover corruption.
Some participants identified a connection to public health, safety, and welfare:
P8: health and safety (...) is always on the core ones in structural engineering. In
the global sense you don’t sense you don't your building to fall down! But, also then
again, we try to make sure it's constructible. We're not injuring people. We're not
using harmful materials. There's always a lot of—from asbestos, right down to just
chemicals and paints and things. (...) There's the hierarchy of needs. Ultimately,
we need a safe building and then below that you need to be safe to construct.
Mentions of job-site health and safety were more frequent:
P5: in my experience, it's the large infrastructure jobs which focus more on quality,
environmental, and health and safety. (...) Health and safety is extremely good in
this country. And can be very poor in other countries. Constructing safely is often
extremely slow, and extremely expensive.
The barriers sometimes feel palpable and overwhelming. They consider what they
can achieve:

P1: I think there’s many layers to it [global responsibility]. And, then you can take
it to pieces and then try to sub-define that in different domains, in different
professions, what this responsibility might mean, what are your limitations, what
would you be capable of achieving? [...] The more you start to be conscious about
this, the more you realize the amazing amount of barriers you are going to be
encountering.

The scope of decision they are allowed to make presents a core limitation. An early-

career engineer noted his limited sphere of influence but explained this should grow

over time:
P6: | focus quite heavily on sustainable development of the built environment. |
think you get quite, quite skewed, by your profession. | probably think of it: | think |
have a global responsibility as an engineer, | have a slightly different global
responsibilities as a human. | can't really describe ways in which how that perhaps
an easier way to affect the outcome. It's become probably ever more apparent,
isn't it, with the media coverage of things. Some people suggest we should stop
eating meat, that that's the best thing we could do. But then as an engineer, we
just think about the built environment we live in.

Some participants found peace in identifying opportunities for improvement:
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P2: in sustainable development, you're always looking for ways in which people
have built sustainability into the designs of what they do quite often with carbon
footprint, so what material we use did you think of, et cetera, et cetera, et cetera.
Should always be part of the way civil engineers thinking.
Although participants spoke at length about the limited scope of their own day-to-day
work, they also identified aspects of global responsibility that they do have the purview
and ability to affect.
P6: | can only really work in my globe which, obviously, how many millions of times
smaller than that—the actual planet. | can only really affect things in my sphere. |
think that's probably the practicality of being an engineer coming out. I'm limited by
what | can affect. As my career develops, maybe there's scope to think that | will
increase. Get in charge of perhaps a whole project, a framework of projects, or
something like this. Depending on my position within an organization.

3.3 Mentions to environmental, social, ethics and corruption topics

Table 2 provides frequency counts regarding how many participants mentioned
various aspects of the environment.

Table 2. Frequency of environmental mentions

Environmental topic Participants Mentions
Materials 8 89
Carbon or climate 8 49

Water 6 41

Site or land 6 19
Retrofit 4 14
Pollution 4 10
Logistics 3 14
Resourcing 4 7

Electric power 2 8

Table 3 identifies how many participants discussed each social topic and the number
of times the topic was mentioned during the interviews. Although the research team
initially considered health and safety to be a social topic, participants had repeatedly
raised it when asked about ethics, and therefore the team chose to report both job-
site health and safety, and public health and safety in Table 3.

Table 3. Frequency of social mentions

Social topic ParticipantsMentions
Community 7 56
Access 7 44
Longevity / future generations 5 46
Developing nations 4 21
Gender and diversity 4 13
Efficiency having social benefit 4 6
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Table 4 identifies the number of participants who discussed each category related to
ethics and indicates who brought each of these topics forward. Six of nine participants
associated on-site Health and Safety with ‘global responsibility’ without any prompting
from the interviewer. However, most participants did not inherently link ‘ethics’ and
‘anti-corruption’ activities to the term.

Table 4. Frequency of ethics and corruptions mentions

Ethics topic Participants Mentions

Participant-identified topics

Occupational health & safety (6 19 relevant passages with 26 mentions of safety
Public health & safety 3 15 relevant passages; 19 mentions of safety
Advisor-identified topics

Ethics 2 unprompted, 9 total |14 mentions of the word by participants
Corruption 1 unprompted, 4 total |8 mentions of the word by participants

Bribery 0 unprompted, 3 total |2 explicitly, 1 implicitly through description

Overall, it is in the selection of materials, planning for efficient use of resources, use
and development of new technologies and in pushing back against poor decisions that
they described their best opportunities for facilitating change. For these engineers,
infrastructure projects are seen as having the greatest ability to influence both social
and environmental sustainability.
P4: | suppose that—main sort of global responsibility thing—is considering
sustainability in everything we're doing. So, I'm working on a big infrastructure
project at the moment and there's a lot of consideration about minimizing the direct
ways that we can influence sustainability as engineers, which is minimizing the
material which we use, and minimizing the harm of the materials, we're using.
That's sort of thought as part of a global problem that we need to, it's not isolated
it's your project, it's a global issue, that you are having to consider.
Such projects allow the engineers greater flexibility in addressing social needs than
smaller scale projects for profit-driven clients.
P4: in terms of what my work is [designing infrastructure projects for mostly private
clients], the global responsibility is about understanding social implications of
engineering, of the work we do, and that can be wherever it is in the world.

SUMMARY

Based on the narratives provided by these nine civil engineers, we can confidently
state that:
e some specific environmental topics (e.g., material selection, carbon
emissions) are of central concern in day-to-day work.
¢ the sample group had a collective sense that global responsibility involves
protecting future generations and working toward environmental and social
stability.
e the sample group is able to identify aspects of global responsibility that the
projects they work on affect.
Concern has been growing for how to teach these subjects and how to infuse
industry with new knowledge and skills that reflect values of global responsibility.
“This new view that engineers will have of themselves will require new knowledge
and skills” asserted Fuchs and Bochar [11, p. 44], emphasizing that changes have
“to be made to engineering-study-programmes, as these are the primary resource for
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attaining new knowledge and expertise”. As leaders of FEANI, Fuchs and Bochar
[11, pp. 44-45] insist:
[engineers] can no longer limit ourselves to addressing technical issues as we did
in the industrial age. Instead, we need to take a holistic view of the economic,
ecological and social impacts of our actions—and always do so from a global
perspective. Our objective here must be to ensure that every engineer adopts an
international point of view so as to enable him or her to contribute to the
improvement of the quality of life for everyone on the planet. Such ‘holistic
expertise” will enable engineers to think and learn in an interdisciplinary manner
and develop products that address the social and global challenges we face.
Based on the interviews we conducted, it appears that civil engineers in London
(those who would volunteer an interview on global responsibility at the request of
EWB-UK) do recognize the facets of the term intended by developers of the term.
They do not, however, naturally describe ‘ethics’ as a specific subset of sustainability
as it has been categorized in the past decades by professional engineering
organizations. Interestingly, the new Demonstrated Ability requirements posed by
American Society of Civil Engineers (ASCE) Committee on Education [14] have
pulled ethics out, making it a distinct category that now falls beside—rather than
within or sub-set to—sustainability. Moreover, the Committee has recommended that
the medium and higher levels of ethics (with regard to Bloom’s Taxonomy) be
demonstrated in practice, via structured mentorship, as they are more advanced
than could be demonstrated at the undergraduate level of university.
In other papers, our research team will identify the challenges that these engineers
described facing in their attempts to enact global responsibility and discuss more
about what this implies for higher education and professional development of
engineers in the UK.
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ABSTRACT

This research paper explores the experiences of undergraduate engineering
students who completed internships as part of their academic program. Engineering
programs are required to fulfil industry needs and prepare students to develop the
competencies required in the workforce. We used a qualitative study design to
investigate the engineering students’ experiences doing internships in the United
States. Data were collected using semi-structured interviews and the interview
protocol was informed by the boundary-spanning framework. Results report the
different aspects of the internship that students found valuable, and the most salient
topics were their boundary spanning role, coordination and communication,
knowledge and learning, problems and preparation.
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INTRODUCTION
1.1 Background

The engineering field has evolved considerably in the last decades. Engineers are
required to have the knowledge and competencies to solve contemporary problems
and have a positive societal and economic impact. Hence, engineering schools are
required to develop engineering graduates that have the competencies that are
required by the engineering workforce and in the professional societies and
accreditation entities. However, engineering graduates are faced with challenges of
entering a completely new environment [1]. Part of the problem is the lack of
opportunities in the classroom to replicate industry-like experiences. Nevertheless,
research suggests that experiential learning can provide some of those opportunities
[2]-[4], more specifically, professional internships provide one of the most significant
learning opportunities for students [2], [5]-[8]. Hence, Universities have been
promoting internship opportunities for engineering students, some Engineering
Schools in some countries even have mandatory internship programs. However,
there is not much research conducted on the value that internships bring to
engineering students.
The purpose of this paper is to understand engineering students’ perceptions of the
value of their internship experience. Specifically, we want to answer the following
research questions:

1. What are the perceptions engineering students have about their internship

experience?

In this paper, we report preliminary results from interviews conducted with
engineering students after having an internship experience.

1.2 Theoretical framework

In this study, we used the Boundary Spanning framework [9] that provides a unique
lens to understand the realities of engineering work as experienced by practicing
engineers. The framework fully unpacks aspects of working with people within an
engineering organization: including classification of types of boundaries (cultural,
educational, demographics, job role, organizational) and boundary spanning
activities (managing information, coordinating, networking, representing and
influencing). We selected this framework because we wanted to identify students’
different interactions when working in a professional environment and how those
interactions influenced their internship experience. In addition, our work is framed by
the American Board of Accreditation and Technology (ABET) criteria [10] who
developed expected abilities, skills, values, and attitudes that must be demonstrated
by engineers at the point of entry to the engineering practice. The integration of the
dimensions of the two aforementioned frameworks provided a solid underpinning for
the study since we were able not only to understand how well the competencies that
are required for engineering students in the U.S. are present when working as a
student in a professional experience but also how the different interactions and roles
students had shaped the experiential learning opportunity.
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2 METHODOLOGY

The purpose of this study is to understand students’ experiences doing internships.
Since our primary objective is to understand students’ experiences qualitative
methods that provide rich descriptions are appropriate [11]—-[13]. Qualitative research
is based on the examination of a phenomenon by using data directly from the
participants that experience it [18], based on the examination of the context and
complexity of the real-world setting of the phenomenon in order to have an integral
understanding of it [14], [15]. We conducted semi-structured interviews with
engineering students after participating in an internship experience. Interviews were
conducted online and in person and were audio-recorded. The total duration was
approximately one hour, and students signed a consent form to participate. The
recordings were then transcribed using an online software. To ensure confidentiality,
the transcription was cleaned by using pseudonyms and identifiable data was
removed. The study secured ethical clearance. Participants were engineering
students at a Research University in the United States that had participated in an
internship. Table 1 provides more information on the demographics of the
participants including the details of the participants’ internship roles and company

type.

Table 1. Participants’ information
y Engineering Gender  [Ethnicity Role Company Type
program
Industrial and African Industrial Aerospace
P1 Systems Female  |American Engineering Industry
Engineering (Black) Intern
Industrial and Materials and  |Power and Energy
P2 Systems Female  White Production Industry
Engineering Intern
Chemical Production
P3 . ) Female  White Services Manufacturing
Engineering .
Engineer Industry
P4 Aergspac?e Female  White Engineering Defense Industry
Engineering Co-Op
P5 Corr?pute.r Male White Softyvare Aerospace
Engineering Engineer Industry

Data were analyzed by three researchers using an open coding approach [16] there
were several rounds of team discussions where the researchers discussed an initial
codebook and in the second data analysis round inter-rater reliability tests were
conducted to identify reliability of the coding process [16]. The process was
conducted using the DEDOOSE qualitative software. In cases where there was
disagreement about codes, discussions were hold until agreement was reached.
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3 RESULTS

From our analysis, several key patterns emerged across the participants’ qualitative
responses on their internship experiences. There was a total of 361 excerpts coded
from the interview data, and the following themes were the most prevalent among
the participants:

3.1 Boundary Spanning

Most of the participants agreed that they were involved as ‘boundary spanners’ who
have linked or connected with others across three types of boundaries during their
internship experience, including intra-team boundaries, inter-organizational
boundaries, and hierarchical boundaries. Participants in the interview frequently
discussed how boundary spanning across different teams helped them build and
maintain communication networks and relationships among team members in the
organization. One of the participants emphasized on the use of intra-team boundary
spanning by building a strong relationship and trust which helped in getting
resources including technical support and project funding. This particular boundary
spanning theme is exemplified by the quote below:

If | needed something that | didn't have, my [team members] were quick to

order it or if | needed something they were like, "Oh you can talk to this

person and they can tell you more about it. If it's in the plant, they know

everything that's in the plant so you can get it from them." Like | was never

short of resources. They gave me as much money as | needed. | just had

to explain to them why | needed it, what | was going to do with it, and if |

needed enough for whatever span of time, | needed it for. So, | always

had resources for my project and also resources to talk to as well. [P1]
There were other participants who went through multiple types of boundary spanning
within the organization at the same time. They emphasized on working with different
people during the internship experience, which involved their supervisors, and peer
and shop floor employees, representing all three different types of boundaries. One
of the participants highlighted the use of boundary spanning in multiple levels to
solve problems in the workplace. The participant also discussed about
understanding people’s perspective in workplace at different levels and learning how
to deal with them in order to solve problems. The quote below exemplifies the
participant’s boundary spanning experience:

| think that the place where | did most boundary spanning would be in the

quality issue as solutions. | would travel with my manager to the

manufacturing site and we would have to coordinate with the schedulers

to make sure that our product was happening when you wanted it. And

then also with the business team telling them we're doing this, or like if we

have to do a trial afterwards to make sure that they knew what was going

on, how it could affect the business. And then working with different

people on the floor, getting their opinions on what we would come in and

say, this is a problem that's happening. | think that you'd get a lot of

different perspectives in different people when you do that kind of thing
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and you have to make sure that you're considering everyone's opinion
fairly and equally. [P3]

3.2 Knowledge/Learning

A prevalent theme across the participants’ responses was knowledge and learning,
referring to any instance of learning new things or demonstrating the use of previous
knowledge in the workplace. Participants emphasized the importance of knowledge
and learning in their internship, though the focus of this learning often varied.
Perhaps most commonly mentioned was the need to learn specific tasks related to
their job. This type of learning was typically grounded in a specific job responsibility,
such as technical drawing, as one participant discussed:

| remember that the first day | went home and I, like, researched using a

laser cutter and, like, the different lenses and all that good stuff. And then |

was like, okay, | had to brush up on my CAD designs because | hadn't

done that since freshman year. [P1]
Specific skills like these were typically technical in nature and directly related to the
engineering tasks assigned to them. Others mentioned learning to use specific
machines, understanding complex engineering processes, or familiarizing
themselves with a new software. But participants also discussed the value of
learning more broadly about their field or industry. For many, internships became the
first time they experienced their major outside the classroom, giving them a first-
hand look at the type of work performed in the field. A participant from chemical
engineering reflected on her experience:

| think that since | was in a CBG company, | was a little less ... you're

using separations in this big huge plant, and you're applying that

knowledge, but it was a lot of seeing how the manufacturing and the R&D

intermingled with each other and how the company worked through a work

flow, stuff like that. [P3]
Using the internship as a chance to gain exposure to the field provided her with the
chance to see how manufacturing and research worked hand in hand to produce a
product. Leveraging the internship an opportunity to acquaint herself with the field
provided her with real-world experience in her major.
For others, the internship was less about learning specific things, and more about
learning itself. In fact, a few participants specifically recognized learning to learn as
one of the biggest advantages of doing an internship. One student talked about it in
terms of making mistakes:

| realize like this is your chance to make mistakes. This is your chance to

learn. Like they want you to learn on your own. And so you don't have to

come in knowing everything because you're supposed to learn it as you're

there or else you're not really going to grow if you already know stuff and

you're just going through the motions of it. So, it was really exciting not

knowing something and then wanting to prove to them and to myself that |

can do it. [P1]
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For most participants, their internship was an opportunity to learn and grow their
knowledge. This learning came in different forms. For some, it was a chance to learn
a specific task relevant to their responsibilities. For others, it was an opportunity to
better understand their major and their industry. But for many, it was less about
learning specific things, and more about using the internship itself to make mistakes
and learn outside the classroom.

3.3 Problems

Not surprisingly, participants discussed the problems they faced while interning.
These problems tended to fall into one of two categories: technical and professional.
Technical problems were typically encountered in relation to the project the
participant was working on, as one participant explained:
... So, I came out with the idea of going to...of doing a lot of simulations as
close to straight as possible to be able to predict that motion. And that |
was able to do. But there is a lot of times where he would give me a lot of
guidance but didn't know how to get there. So, it was a little...I learned a
lot of problem-solving strategies while working there. [P4]
Here the participant describes running into a technical problem associated with
predicting a behaviour, even describing the process she went through to address the
challenge. These technical problems were the most common type of problem
mentioned during the interviews, but professional (or non-technical) problems were
often encountered in working with others during the internship. These problems were
related to finding work, getting help, cooperating with others, and other issues. For
example, one participant reflected on seeking help and mismatched expectations:
I think my biggest challenge was definitely getting help from the people
above me and from the people around me. | know that they have a lot of
important work to be doing, but if | get assigned a role, it's obviously
important enough for me to get it done. So a lot of times | would have
people reschedule on you a lot or if | got into a meeting they'd be like, "Oh,
well, | don't really think that's important,” or they would kind of try and
change my entire scope of what | was doing when | had developed it with
my manager. [P3]
The participant expressed frustration not only with finding help from their co-workers,
but also receiving conflicting opinions from those that agreed to help. Generally
speaking, problems like these encountered throughout the internship interfered with
the participants’ work and became challenging both technically and professionally.
Nevertheless, they gave participants a chance to improve their problem-solving skills
and better understand the types of challenges often encountered in a professional
engineering setting.

3.4 Communication/Coordination

A Communication and coordination together formed another important theme that
participants mentioned in their interview. Participants frequently emphasized the
importance of effective communication in the workplace. Effective communication
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included knowing how to interact with different groups of people, including
supervisors, clients, and shop floor employees, both in and outside of workplace.
Communication also included demonstrating both formal and informal presentations
at different organizational levels. In particular, one of the participants discussed on
getting compliments from clients and team members after demonstrating effective
communication skills through a formal presentation. The accomplishment is
exemplified in the quote below:
| basically presented my work to the [Client Name] and just the feedback |
got afterwards... The first [client] came up, he's like, "Your IQ must be
amazing, because you're only a junior at [College Name]." They were
coming up and they were like, "You're so young and you're accomplishing
all this stuff," and I'm like, "Oh my God." | didn't realize that what | was doing
was so impactful for the [Community Name]. That's the proudest moment of
my life. | got in my car afterwards and | just smiled, and | went like this on
my wheel. | was like, "Yes, like you did it." So, that was definitely my biggest
accomplishment [P4]
Participants also spoke of coordination, specifically coordinating their own
schedules. Often faced with multiple responsibilities and looming deadlines, they
discussed having to organize their time to accomplish the tasks given to them. One
participant reflected on her process:
And after our little huddle | would go back to my desk and then | would
schedule what | wanted to do for the day. If | wanted to keep going with my
shadow board fixtures, | would say well from this time to this time | would
do like lines one, two and three and talk to them and try to make their
shadow boards. And then from this time to this time | would train the
contractor on the kidding initiative that we were doing. And so I'd train her
and then | would tell her that these, and | would also make up like a plan
for her to guide her with who goals she would have to meet for each week.
So like each task that | would give me would take a while, but | made sure
to a lot like specific times for that. [P1]
For many, internships became the first time they were required to structure their day
on their own. Whereas some were accustomed to their schedules being organized
around classes and extracurriculars while in school, their new role in the workplace
emphasized the importance of effective time management. Generally speaking, both
communication and coordination became highly important skills for most of the
participants in their day-to-day activities.

3.5 Preparation

A During the interview, participants talked about using previous knowledge, activity
or experience that helped them prepare to transition as interns. Much of the
preparation centered around technical and professional skills developed in college
that were successfully transferred to the internship. Participants highlighted the first-
year engineering program which taught them both technical skills like programming,
and professional skills like teamwork. According to most of the participants, these
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skills were both important and necessary when they transitioned as interns and
helped them in solving engineering problems in workplace. The quotes below
exemplify the preparation of the participants from college:

The course really helped your mind evolve to think in an engineering way
and just like approach problems as an engineer. If I'm given a problem, |
make sure that | understand the problem so that I'm not doing extra work
that wasn't needed to begin with. | didn't know that | was actually learning a
lot in foundations even though like you know they teach you like all of the
different types of engineering you're learning. Like | was like okay I'm using
[Software], but | never saw [Software] again personally for me in my other
classes. So just knowing that, oh | actually do use this stuff was like, oh I'm
learning, I'm actually learning [P1]
| think that with the whole First-Year Engineering Program, you get a lot of
team activities that you can do. And then, within chemical engineering, it is
super technical, but they do throw in those classes and it's so hard that you
really have to work with people in order to accomplish all of it. So, | think
that | really did have that background in order to work on this. [P3]

3.6 Value of Internships

A In reflecting on their experiences, all participants shared their perceptions of the
value internships provide to engineering students. Much of the value centered
around learning new skills, both technical and professional. Some participants found
these skills helpful as they moved back into the classroom after their internship,
providing context for the material and even bolstering their presentation and other
professional skills. Several participants appreciated being able to see first-hand what
can be done with the degree they are pursuing, using the internship as a gauge for
whether they were interested in the type of work they experienced. Other participants
